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Newport, N. H., is on the Concord & Claremont branch of the 
B. & M. Railroad, a few miles west of lake Sunapee. The great 
_ game preserve of the late Austin Corbin lies partly in the town. 

The village contains a population of about 1,500 people, and is 
beautifully located in the valley of Sugar river, the outlet of lake 
Sunapee. 

The water works were built in 1894. 

Water was taken from Gilman’s pond in East Unity, about six 
miles southwest from the village. This is a natural pond of very 
pure water, the shores being very clean and free from vegetable 
growth, and composed of sand and gravel. It has an area of 653 
acres, and is said to have a depth of from 40 to 50 feet. 

A dam was built at the outlet of the pond to replace a small one 
that had been used by mill owners on the stream below. The exact 
area of the water shed is not known but is believed to be about one . 
square mile. The dam is 8 feet wide on top with inner and outer 
_ Slopes 2 tol. The greatest height is about 14 feet, length 126 feet, 
wasteway partly over natural rock, 34 feet in length. The inner 
slope is‘paved with field stone. A core wall 34 feet thick at the bot- - 
tom, 2 feet thick at the top, extends to within 14 feet of the top of 
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the dam. Its greatest height is about 13 feet. It is laid in Rosen- 
dale cement mortar, the stones being ordinary field cobbles of 
rather small size, no stone allowed to lay more than two-thirds the 
width of the wall. 

A 12-inch waste pipe extends through the base of the dam to a gate 
chamber 66 feet from the top slope of the embankment. The supply 
is through an 8-inch pipe laid parallel with the waste pipe, and ter- 
minating in the gate chamber. 

The gate chamber is 10 feet square at the base and 8 feet square 
at the top outside. The walls are 3 feet thick at the bottom, and 
2 feet at the top, laid of rubble masonry in Portland cement mor- 
tar, and are 12 feet high. The foundation is 3 feet thick, of 
rubble masonry, laid in Portland cement mortar. 

A brick gate house was built over the gate chamber in which are 
the gate rods. On the up stream face of the gate chamber, there 
is an opening 2 feet in width extending from the top of the foundation 
to the floor of the gate house. On the sides of this opening are 
grooves formed by placing angle irons in the masonry. These are 
to hold the stop plank and screens. 

The foot-bridge connecting the gate house with the dam is in two 
spans, each about 33 feet in length, supported at their connection 
by two cast iron columns made of 8-inch cast iron water pipe filled 
with cement concrete, and built into stone foundations in the bottom 
of the pond. The depth of water in the gate chamber is 8.4 feet, 
and the amount of water above that level is 166,000,000 gallons. 
Practically about 150,000,000 gallons can be drawn. 

The elevation of Gilman’s pond is about 480 feet above the lowest 
point of the village. The supply is through 1435 feet of 8-inch, 
and 23,771 feet of 6-inch pipe laid across private lands, -and along 
the highway, to a reservoir about one mile from the centre of the 
village. 

There are numerous abrupt summits along this pipe line. Eight or 
nine stops for air valves were placed along the line. They are made 
of }-inch stop and waste and -inch upright pipes. A box is placed 
over each stop. After the first filling of the pipe line, these stops 
are rarely if ever used, even when a considerable portion of the 
water has been drawn off. 

‘The elevation of the reservoir is 169 feet below Gilman’s pond. 
The capacity of the pipe line is about 400,000 gallons per 24 hours. 
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The reservoir is built upon a steep side hill, the average slope of 
which is about 21 feet per 100. The eapacity of the reservoir is 701,- 
300 gallons. The embankment on the lower side is 13 feet in width 
ontop. The inner slope is 1$ to 1. The outer slope, about 2 to 1. 
The depth of water is 12 feet. The bottom of the reservoir and 
inner slope are paved with ledge stone 12 inches in thickness. The 
top of the embankment is 4 feet above high water in the reservoir. 
The reservoir at high water mark is 104.5 feetx116 feet. 

Three lines of pipe pass through the westerly or lower embank- 
ment ; one is an 8-inch waste pipe, passing through the gate chamber 
and terminating just outside the wall. In the gate chamber there 
is an upright pipe acting as an overflow from the reservoir. The 
supply pipe from Gilman’s pond 8 inches in diameter at this point, 
passes through the gate chamber to the centre of the reservoir, ter- 
minating in a quarter turn. The distribution main for the village, 
12 inches in diameter, passes through the gate chamber, also ter- 
minating about. 12 feet from the outside walls. Over the end of 
this pipe is a copper wire screen, 14 inches in diameter and about 
15 inches in length. c 

At the upper or southeast corner of the reservoir, there is a 
wasteway over the natural ground placed at the same elevation as 
the overflow pipes in the gate chamber. 

As the reservoir was made somewhat larger than at first contem- 
plated, the additional excavation required, uncovered a portion of 
ledge in the northeast corner and also over a considerable portion of 
the bottom of the reservoir. In excavating this ledge which for the 
most part was smooth, solid granite, it was discovered there were 
holes and fissures of considerable depth and extent, extending 
across the bottom of the reservoir, and at the northwest corner, un- 
derneath the embankment already built. These crevices were fol- 
lowed, uncovered, and exposed, as far as possible, the loose frag- 
ments of rock in the crevices being taken out as far as practicable. 
The holes were then filled with pure cement grout, and allowed to 
set for several days. The surface was then covered with from 
18 inches to 3 feet in depth of well rammed and puddled material 
from the excavation of the easterly slope of the reservoir. This 
material was of excellent quality, having sufficient amount of clay 
to make it water-tight, The reservoir embankment is entirely of 
material from the excavation, no masonry or core wall being used in 
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its construction. Trenches were excavated in the natural ground 
34 feet in width, and 34 feet in depth into the impervious material, 
and filled with puddle from the excavation. They extended the 
entire length of the lower or westerly embankment, and some- 
what more than past the centre of the reservoir on the northerly and 
southerly ends. Masonry was placed around the inlet pipes through 
the embankment to the gate chamber. There are also several cut- 
off walls extending below, above and upon each side of the pipe 
wall. 

It may be of some interest to note the result of this method of 
dealing with the fissures uncovered in the rock excavation. The 
reservoir has now been in use three years, and is in a perfectly good 
condition. There was some percolation when the reservoir was 
first filled, mainly showing itself in the increased flow of a spring 
about 200 feet distant from the southwest corner of the reservoir. 
This flowehas considerably decreased since the reservoir has been in 
use. The amount of actual percolation from the reservoir itself is 
difficult to estimate, as the spring was a very constant and powerful 
one during the entire construction of the work. It is probable the 
percolation amounts to from 15,000 to 20,000 gallons in 24 hours. 

In the northwest corner of the reservoir a considerable portion of 
the rock is left exposed, forming the inner slope of the basin. The 
writer has no doubt that most of the percolation finds its way 
through minute crevices and seams in this rock, and not through 
the bottom or lower embankment where the cement grout and pud- 
dle had been placed in and over the crevices. 

There were used 56 barrels of cement in filling these holes, whidll 
extended in some cases, 20 or 30 feet in length, and from 1 to 12 
inches in width. These fissures were, no doubt, occasioned by the 
movement down hill of the entire slope which rises several hundred 
feet above the location of the reservoir. These holes and crevices 
also account for the large and constant flow of the spring, which 
during time of construction supplied at all times an abundance of 
water for use in the construction of the embankment and masonry, 
and also for the men and teams employed upon the work. 

It is not probable that any movement of the slope of the hill is 
taking place at the present time, or is likely to take place in the 
future, although such things do occur pegeeney: ? in granite and 
other quarries in New England, 
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The distribution system is through 976 feet of 12-inch, 4826 feet of 

10-inch, 4985 feet of 8-inch, 16,583 feet of 6-inch and 1926 feet of 
4-inch pipe, a total of 29,296 feet, or 5.55 miles, upon which are 
placed 50 hydrants and 49 gates. 
’ The pressure upon the mains ranges from 90 to 134 lbs. per sq. 
inch. Near the foot of the hill below the reservoir, and at the 
lower end of the 12-inch pipe, there is a connection with the supply 
pipe from Gilman’s pond, so the village may be supplied without 
the water passing through the reservoir. The entire length of the 
pipe line as laid is 55,075 feet or 10.43 miles. 

Work was begun on this system June 11, and completed Noy. 
15th, 1894, since which time the works have been in constant and 

use. 

At a test of the system when the reservoir was partly filled with 
water, 9 fire streams were used with a reduction of about 20 lbs. in 
pressure upon the street mains. 

More streams were not used for lack of hose and nozzles. About 
one year ago a connection was made with a large woolen mill and 


upon a test, 11 good fire streams were thrown from the dead end of 
an eightjinch main, about 14 miles from the reservoir. 


DISCUSSION. 


Mr. HasKELL. I would like to ask Mr. Taylor if the character 
of the water has been good ever since they commenced using it? 

Mr Taytor. It has been uniformly good. The dam I spoke of 
did not, raise the water above its natural flow line. There had been 
adam built by mill owners so that they might draw 7 or 8 feet, but 
that was mostly of natural soil, and I simply replaced the old strue- 
ture with something more substantial, but without raising the water 
above its natural level ; it simply enabled us to draw 8 feet off from 
the natural elevation. 

Mr. Fuuuer. I didn’t exactly understand Mr. Taylor when he 
spoke about this ‘‘ movement,’’ whether it was before the reservoir 
was constructed ? 

Mr. Taytor. I suppose that was in prehistoric times; a geo- 
logical movement. I have seen in granite quarries those move- 
ments, which would be visible in a few hours, not visible to the eye, 
but sometimes when a steam drill gets stuck or something of that 
kind, there is a movement in a quarry where there are very steep 
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slopes. My statement about that was that it seemed to me this thing. 


might have occurred thousands of years ago, as the rock in most 
places is covered with from 4 to 10 feet of earth. 

Mr. HoupEN. I would like to inquire whether any air forms 
around the air-valves at any time when the water is drawn from 
the pipes. Do you have to open these valves every time it is drawn 
off ? 

Mr. TayLor. Very rarely. There are one or two summits 
which occasionally give a little trouble, but usually the velocity 
through the pipes is so great, it pulls the air along with it. | 
think that is the solution of it, because there is a considerable 
amount of, air which has to go, and I think it is mixed with the 
water as it passes on its way to the reservoir or to the village. The 
first filling of the pipe line took a good deal more time than we an- 
ticipated, because in addition to the eight’ or nine summits which 
were treated by these small blow-off pipes, there were other minor 
summits, and those in the first filling of the pipe also tended to re- 
tard the flow of water very materially ; but since the first filling 
they have given no trouble. And I think very often, when 
there is an accumulation of air in the pipes, it is carried along with 
the water from the fact of its being under considerable velocity. 

Mr. WALKER. Did you clean out this reservoir or old mill dam, 
before you let the water in? 

Mr. TayLor. Yes, but there was very little of it. Probably 
the whole contents of the dam didn’t amount to more than 50 cubic 
yards or 100 cubic yards, so it was a very small matter. 

Mr. WALKER. Mr. Cook in his paper at Newport spoke about 
filling a new reservoir on natural ground, and he said there hadn’t 
been any bad effects from it. Now on the Metropolitan system 
where they are going to fill a large reservoir, they intend to take 
out all the loam, which is quite an expense. It is a question in my 
mind whether they could not let a certain portion of it remain, but 
they say they intend to take it all off, where there is more than three 
inches. For instance, on the sides there is loam two or three inches 
ona sandbank, and they are going to take that off. - Now Mr. 
Cook said he didn’t have any bad effects from flowing a reservoir on 
the natural ground, without taking off the loam ; and I would like 
to know if anybody else has had such an experience as that. It 
means the saving of a good deal of expense in the case of an im 
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tervale, where there are no bushes or anything of the kind, if you 
don’t take the loam off. 

Mr. TayLor. I suppose it comes to this, that the vegetable 
matter taken from the reservoir is so much poor material out of the 
way. In the case of the reservoirs at Worcester which have been 
inuse a great many years, they have but very little trouble. At 
the same time those reservoirs are being somewhat improved, and 
that probably will do away largely with whatever slight trouble there 
may have been at times. 

Mr. Cook. The matter referred to by Mr. Walker is the con- 
struction of the new No. 3 reservoir of the Woonsocket Water Works. 
The dam was built and then came the question whether the reservoir 
should be cleaned or not, and as that would involve a large expense 
which the city could not afford, the material was left in it; and we 
haven’t experienced any trouble either from the taste or the smell 
of the water which has been used from the new reservoir. The 
first season it was filled there was a slight scum formed in the shal- 
low portions on the back side of the reservoir from the dam, and 
this season we didn’t observe any at all. But 1 presume that that 
reservoir, situated as it is and used as it is, furnishes an unusually 
favorable condition for not showing any bad effects, because the 
water runs about two miles and a half to the pumping station, where 
the water is taken by the pump, and drops about_165 feet on the 
way, which aerates it, and probably any trouble there may be with 
the water when it leaves the new reservoir is gotten rid of in its 
passage through the open brook. 

Mr. CorFIn. I would like to ask if that is mixed with the water 
at the pumping station ? 

Mr. Cook. Yes, it runs into the water at the pumping station. 

Mr. Corrin. Does that make any difference in the quality of 
the water ? 

Mr. Cook. No, because the reservoir at the pumping station is 
so small, I don’t think it makes any difference. 

Mr. Fuuuzr. I think something was said at that meeting at 
which Mr. Cook read his paper in regard to the possibility, or the 
feasibility of taking some of the money which it would cost to clean 
out this reservoir and use it to construct filters. 

Mr. Cook. That matter was looked into, and the expense of 
putting in a mechanical filter was estimated at about half the cost 
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of cleaning out the reservoir. But mechanical filtration being in 
the state it is now, there has been no attempt made to filter the 
water, especially as we have had no trouble otherwise than that the 
coloris high. I cannot give you just the rate as compared with the 
Massachusetts reports, but I should think it is somewhere from 
about 70 to 75. 

Mr. Mertcatr. I would like to ask Mr. Taylor what sort of a 
regulating device, if any, was used for admitting the water into the 
reservoir from the upper pipe line? 

Mr. TayLtor. None whatever. The mains were entirely inde- 
pendent, that is to say, there was a direct pipe line from Gilman’s 
pond to the distributing reservoir. There also was a connection 
between the distributing main and this main from Gilman’s pond, 
and I think it actually is used directly: from Gilman’s pond, the 
upper reservoir. There is a somewhat amusing circumstance con- 
nected with that connection between the two pipe lines. Gilman's 
pond having, as I think, something like 408 feet head, I told them 
it was just as well to leave the gates open between the two lines. 
They couldn’t quite understand why they wouldn’t get the full head 
of water from Gilman’s pond. I explained that the reservoir would 
act as a regulator for that. But some men selling supplies of 
various kinds almost convinced some of the commissioners that I must 
be wrong. At anyrate, when! wasn’t there, they thought they would 
open the connection between the two pipe lines and watch the result; 
having a man stationed to open a large blow-off on Main street in 
case the pressure gauge went up to an excessive height, and this 
was done. The gate was opened, but of course nothing happened, 
and so they concluded that they were all right. But there are the 
two pipe lines, and there are no regulating devices whatever on 
them. The superintendent wrote me only a few days ago that they 
did keep one of the main gates on the supply from Gilman’s pond 
partly closed, simply because there was more flow of water through 
the pipe line than they wanted. There is almost always a certain 
amount of waste, and they wish to keep that waste down to the 
minimum. That is to say, the capacity of the pipe line is something 
over 400,000 gallons a day, and they are using only possibly half 
that, without any regulating device. 
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THE WORCESTER DISTRIBUTING RESERVOIR. 


BY WALTER E. HASSAM, C. E., ASSISTANT TO THE CITY ENGINEER. 


[Read Jan. 12, 1898.]} 


In the years 1893-4, it was apparent to the city engineer and 
some other officials connected with the water department of Wor- 
cester, that something must be done for a future supply of 
water for the fast growing city of Worcester, and it was decided 
that Kettle brook, flowing through the towns of Paxton and Leices- 
ter, with several large reservoirs situated thereon, and about 2300 
acres water shed, was the best source of supply that could be 
attained. So the city secured the right to take Kettle brook above 
what is known as the Kent’s Mill privilege, including all reservoirs 
above said privilege, ten rods around all reservoirs, and 50 feet 
each side of the brook. Several surveys were made, and it was 
found that near the Kent’s mills with little expense, Kettle brook 
could be diverted into Lynde brook reservoir, the city’s high service 
reservoir. The old dam at Kent’s not being considered suitable 
necessitated a new one, and a new earth dam with rubble cement 
core wall was built, and the water diverted through a 30-inch pipe. 
As a great deal of this water is needed on the low service system, 
a cut was made in the Lynde brook reservoir to the depth of 26 
feet, and a 30-inch pipe, encased in rubble wall, with two cut-off 
walls on the up stream side of the core wall was put in and a gate 
house of New Hampshire granite was also built. In making the 
_ ¢utin the dam the embankment was opened 12 feet wide and car- 
ried to a depth of 18 feet. The sheeting was cut three feet long 
and put in and well braced as the work progressed. At the depth 
of 18 feet two steps were made on the inside of two feet, and the 
cut continued in the same manner to the required depth, the last 
eight feet in depth being the same width as the wall around the 
pipe, and the wall was built against the banks with no side filling. 
After the pipes and walls had been laid the filling was spread in 
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2-inch layers and hand tamped, the sheeting being taken out three 
feet at a time, commencing from the bottom. The 30-inch pipe 
was continued down the valley about 4600 feet to the Parson’s 
brook reservoir, which was under construction. 

Parson’s brook reservoir was built for distributing purposes only, 
having an area of 2.5 acres and capacity of 8,392,574 gallons, and 
104.82 feet lower than Lynde brook reservoir, which elevation cor- 
responds with the elevation of the proposed dam in Holden, on the 
low service system. Until this reservoir is built the pressure is 
equalized with the Holden supply, which is somewhat lower, with 
three 16-inch Ross regulating valves. 

In making the surveys for the Parson’s brook dam it was found 
that nature had done a great deal for us, for the exact elevation 
wanted was a suitable hollow surrounded on three sides by small 
hills, plenty of stone for core walls, and good material with suffi- 
cient clay in it to pack well for embankment. As Parson’s brook 
flows through a boggy swamp and has only about two hundred 
acres water shed, it was not considered worth what it would cost to 
take it. So the course of Parson’s brook was changed and carried 
around the reservoir on the west side by building a dyke. The 
earth on the site of the dam was excavated to a good foundation, 
which averaged 4 feet to 12 feet below the bottom of the basin. 
The trench for the core wall was carried somewhat lower, as shown 
by section ‘‘B.’’ The basin was excavated to the elevation of 706 
feet, and the slopes made two horizontal to one vertical, paved 1} 
feet thick, 2 feet above and 4 feet below high water mark. This 
work was carried on at the same time as the construction of the 
dam. Thirty-six thousand cubic yards of material was taken out 
of the basin, which contained stone enough for the paving and core 
wall, also good material for the embankment. Section ‘‘ A’’ shows 
the embankment 13 feet wide on the top, the up stream slope 2 feet 
horizontal to 1 foot vertical, the whole slope being paved the same 
as the sides of the basin. The down stream side was graded back 
with waste material from the basin 200 feet straight grade. The 
depth of the water in front of the dam averages 13 feet, the top of 
the dam 34 feet above the spillway. The essential feature of the 
new work was the building of an earthen embankment, through 
which was a rubble wall. This wall is nearly in the centre of the 
embankment and was carried well into the east bank and into the 
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natural bank of the dyke on the west side, and built in the follow- 
ing manner: The stones were hauled on boats, washed free from 
dirt, and laid in the wall with plenty of Rosendale cement, well 
mixed, two parts sand and one of cement, great care being taken 
that no stone reached through the wall, which is 3 feet wide on the 
bottom and 2 feet wide on top. When the wall was brought to the 
height of about 5 feet above the foundation for the dam the em- 
bankment was started by spreading layers of clay material four 
inches deep, moistened (not wet) and rolled with a 3-ton grooved 
roller, the earth around the walls being well tamped with hand 
tampers. When the embankment was within 18 inches of the top 
of the wall, the wall was continued, then the embankment, and so 
on to the top. 
The 40-inch main pipe and a 12-inch drain pipe through the dam 
are encased in rubble wall 64 by 9 feet, with one cut-off wall of 
about 8 feet from the core wall on the up stream side. The cut-off 
wall protrudes 2 feet on the bottom and on both sides, the top being 
carried up to the top of the dam and acting as an abutment for 
bridge to gate house. The gate house is built on a concrete foun- 
dation, the sub-structure of New Hampshire granite, the structure 
of straw colored brick with marble trimmings, and the roof of cop- 
per. The bridge from the crest of the dam to the gate house is an 
arch concrete, with brick same as gate house for parapets and 
marble coping. Two posts at the end of the dam are built of gran- 
ite, brick and marble cap. The floors of the gate house and bridge 
are concrete with smooth surface. In digging for the foundations 
of the gate house a pocket of quick sand was found with plenty of 
water. A well was sunk 6 feet square about 15 feet from the foun- 
dation in the direction the water was coming from, and the vein cut 
off. By keeping this well pumped, work could be continued on the 
foundation. The well for the gate house was pile sheeted with 
tongued and grooved plank, sunk 6 feet below the bottom of the re- 
servoir and filled up with concrete, using Portland cement, the 
sheeting being left in. The other well was walled up in cement, 18 
inches square, and the water left to rise as high as it would, then it 
was pumped out and filled with concrete, clay being tamped on the 
outside of the wall. In digging for the foundation of the dam on 
the west end another spring was found which was treated in the 
same way. ; 
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The spillway is 13 feet wide and empties into the canal or new 
course of the brook. The wing walls are New Hampshire granite. 
The wier stone crosses on top of the core wall and tongued into the 
wing walls. Both slopes are paved with street block paving and 
grouted with Portland cement. A gate was placed 24 feet from the 
entrance of the 30-inch supply pipe to the basin, and just back of the 
gate a 4-inch connection was made and the pipe taken under ground 
to the center of the reservoir, where a stand pipe was erected fora 
fountain ; this adds a good bit to the beauty of the reservoir. The 
stand pipe is encased in a cement wall six feet square on the bottom 
and 4 feet on top to protect it from the ice. A road was built 
from the main road below the new dam to the main road below 
Lynde brook reservoir, a distance of about one mile, it crosses the 
stream just below the new dam, follows the east shore of the basin 
and crosses again just above the basin, thence over pipe line to Lynde 
brook reservoir. Two small rustic bridges 16 feet long and 8 feet 
arch were built where it crosses the stream. The arch was built of 
field stone, laid in Portland cement. The parapets are made of 
selected cobble stone, the top of the parapet left ragged. This 
makes a very durable bridge and also pleasing to the eye. The 
water from this reservoir is measured by a Venturi meter connected 
with the 40-inch pipe, about fifty feet lower than Parson’s brook 
reservoir. 


DISCUSSION. 


Mr. L. Taytor. I suppose the use from this reservoir is three 
or four million gallons per day ? 

Mr. HassaM. That is what they intended to use. 

Mr. ALLIS. May I ask what the size of the watershed is which 
supplies that amount of water ? 

Mr. Hassam. At the present time the watershed which we can 
draw from through this 40-inch pipe is over 4300 acres. 

Mr. L. Taytor. I would like to ask what that new gate-house 
in the enclosure of Hunt's reservoir is for? 

Mr. Hassam. That is the house for the Venturi meter on the 
40-inch main pipe. 

Mr. WHITNEY. Have you made sufficient tests with this Ven- 
turi meter to determine its accuracy ? 

Mr. Hassam. I have not made any experiments or tests with 
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this Venturi meter, but I had supposed it was acknowledged by 
most engineers that these meters are almost absolutely correct. In 
Holden we have a large reservoir that holds in the vicinity of 740,- 
000,000 gallons of water, below that we have a small distributing 
reservoir, and just below that distributing reservoir is a Venturi 
meter, which we have tested in this way: We have put ina weir 
just above the small reservoir, and measured the water over the 
weir, and then measured it through the meter. We have found the 
two measurements to correspond. That is the only way we have 
ever, to my knowledge, tested the Venturi meter. 

Mr. L. Taytor. I would like to have Mr. Hassam state, for it 
may be of interest to the association, the number and sizes of the 
Venturi meters in use on the Worcester water works. 

Mr. Hassam. There are four in all; two on the 30-inch high 
service pipe, one on the 40-inch pipe, and one on the 30-inch low 
service pipe. 
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BACK FILLING TRENCHES. 


BY E. A. W. HAMMATT, C. E. 


[Read Dec. 8, 1897.] 


As my experience and observation has been chiefly in connection 
with contract work in suburban or country towns and cities, it may 
well have been different from that of some present, and if what I 
have to say shall bring out a good discussion on the subject, I shall 
have succeeded in my object. 

I think that most, if not all present, have seen trenches back 
filled in such a manner that the street was left with a ridge from 4 
' to 7 feet wide, and from 6 to 10 inches higher in the centre than 

the original surface ; and if you had an opportunity to observe the 
locality while work was in progress you also noted the fact that con- 
siderable material had been carted away as well. This condition of 
things is not, or has not been exceptional, but practically the rule, 
and as back filling is too often done it must be expected. _ 

The usual back filling crew of say twenty to thirty men, will seldom 
have more than five or six rammers, and those do not do one-half 
the work they might, if intelligently directed. Quantity, rather than 
quality seems to be the object of the average foreman on back filling. 
The idea seems to have been that settlement was unavoidable, and 
that to save labor and expense, the trenches should be left well 
crowned, and be compacted chiefly by travel. 

On the average country or suburban road of twenty or twenty- 
five years ago, this practice was not so objectionable as it is today, 
when so much more attention is paid to the shape and character of 
the road surface and we find such a larger proportion of streets 
macadamized. 

What are some of the results of such practice? 

First, we have a very unsightly and often dangerous street to 
travel over, and one which it will take mouths to get into respect- 

able shape, if it can ever be done without practically resurfacing 
the street. Next we get a settlement immediately over the trench 
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with two ridges or shoulders where the filled material is placed on 
the undisturbed earth adjacent to it. These shoulders prevent the 
surface water from rain or melting snow from reaching the gutter, 
and confine more or less of it to the hollow over the trench, where 
it must soften the road surface and result in making such hollows 
and depressions worse. 

Third, if by accident a large part of the original road surfacing 
material does not get carted off as surplus, it is placed in these 
ridges and in the crowning of the trench, and gets"carried off when 
these are picked down, as they must be, thus robbing the road of 
that which should be most carefully retained. 

It is customary to insert a clause in specifications, that a con- 
tractor shall keep his work, including road surfaces in good repair, 
for say six months after the completion of his work and make good 
any settlement which may occur during that time, the work to be in 
all respects in good condition at the end of that time. 

In my opinion this clause is responsible for at least a part of the 
trouble. The contractor will usually say, and I think with reason: 
If I am to be responsible for six months, and must make good all 
settlement occurring during that period, as a matter of economy if 
nothing more, I must leave my trenches with a good crown—I can 
not afford to come back here every week or oftener to refill every 
little settlement that may occur; and if at the end,of the six months 
the trenches have not settled down level, I will then ‘cart off the 
surplus. If they have settled below the level, I will make them 
good. 

Still another result of this method of back filling is that usually a 
erust is formed on the top of the trench, and when the shoulders 
above mentioned are removed, or the top of the trench cut down, 
this crust is broken and water soon finds its way under it, and con- 
siderable settlement often occurs. Usually this does not take place 
until after the time limit during which the contractor is to keep the 
work in repair has expired ; and so the town has to stand the expense 
of doing work which it was supposed had been paid the former to 
do. 

Iclaim that this is all wrong, and that better results are not only 
possible, but that we as engineers and superintendents should see 
that they are obtained. 
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_ Back filling should be done with the object of protecting the pipe 
or other structure and restoring the surface as nearly as possible to 
its original condition and in permanent form. 

Let us consider for a moment some specifications regarding back 
filling. 

Date 1875. ‘‘ Earth filled into the bottom of trench, under and 
to the top of the pipe shall be carefully packed and well rammed 
with proper tools for the purpose. : 

‘The earth filling above the pipe shall also be sufficiently packed 
and rammed to prevent after settlement ; itshall be moistened when 
deemed necessary by the engineer and the material shall be free 
from stones over 6 inches in diameter. In streets and roads, the 
class of surface before existing shall be replaced so as to be in every 
way equal to that surface in material and workmanship, and satis- 
factory to the engineer.’’ 

The difficulty with this seems to me to be partly in the different 
- views of different men as to what will constitute ‘sufficiently packed 
and rammed to prevent after settlement,’’ thus raising a question 
during construetion which cannot be definately settled until con- 
struction is over, when it is too late to do any good, and the omittance 
of any reference to the relation vertically between the original and 
the restored surface. i 

Date 1882. Another example is as follows: ‘‘ Great care shall 
be had in refilling trenches, that the earth is carefully packed under 
and over the pipes and that the surface or road material is carefully 
replaced for 18 inches in depth.”’ 

It would seem.as though under this specification—‘‘ most any old 
thing’’ would fill the bill, and as I recollect it, when I saw some of 
the trenches, I should say it did. 

We next find a requirement that the back filling shall be put in in 
layers, not exceeding a certain thickness (variously stated to be from 
4 inches to 2 feet) and thoroughly rammed or puddled. 

This, I think is a move in the right direction, if the thickness is 
not made too great ; but it is very hard to get it honestly done. 

Then comes the attempt to regulate the proportion of rammers to 
shovelers, and in this connection I would say that one superintendent 
of streets remarked to me one day: ‘‘ Hammatt, why do you water 
works men always get the cart before the horse? You put about 
five shovelers to one rammer on back filling, when you ought to put 
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five rammers to one shoveler. Then your trenches might stand.’’ 

We all know that authorities say. that earth taken from bank and 
put in fill will shrink, and I think most of us have had an experience 
in setting a post, that after placing the post in the hole, we could 
pack in all the dirt excavated, znd like Oliver ‘‘ want more.’’ 

This raises the question, why cannot we get more of the material 
excavated from trenches, put back. I venture to say that we can, — 
and I understand that in at least one case, all the material excavated 
was put back, and no ridge left. It is scarcely necessary to say, 
there was no after settlement. 

Some authority states that the average shrinkage of various earths 
is about as follows : 


Yellow clayey earth 

Light sandy earth 

Puddled clay 


If this is correct, we should have in a trench 5 feet deep and 24 
feet wide, giving 12.5 cubic feet per running foot, a shrinkage in 
the case of 


Gravelly earth equivalent to a depth of 0.40 feet or 1.00 cubic feet. 
Yellow clayey earth ‘ 0.60 1.25 
Light sandy earth 0.60 1.50 
Puddled clay 1.25 “ 3.12 


Taking into account the average thickness of water pipe of the 
various sizes as given by the tables of certain foundries, we find that 
per foot, the following is the number of cubic feet of space occupied 


by the pipe: 
6-inch about 


From the above it would seem that when the pipe laid are not 
larger than 12-inch, we ought to be able in the average water pipe | 
trench, to get back all the material excavated and leave no ridge, . 
and that even with 16-inch pipe the surplus ought not to exceed 
about 140 cubic yards per mile of line—or 2.6 cubic yards per 100 


164 JOURNAL OF THE 


feet. It would indicate also, that with 6-inch pipe, it would be 
possible to refill all the excavated material and leave about 4 inches 
in depth of trench to be refilled by borrowed material—or with 8-inch 
pipe about 2 inches. How often is this done? Different materials 
require different treatment in order to get the best results in back 
filling. Therefore I question the advisability of too much detail as 
to methods in drawing specifications. 

If I recollect correctly, Mr. Fitzgerald, some years ago, stated as 
the result of some experiments conducted by him, that in all cases 
he secured the best results by dry ramming in thin layers, and Mr. 
McClintock found the same thing with regard to sand, gravel or 
loamy material, but would use water in clay or hardpan. We must 
remember that in these experiments, a considerable admixture of 
brains was also used, and that with the ordinary labor employed in 
contract work we can expect but little of this commodity. 

Thorough ramming is hard work, especially with the style of ram- 
mers in common use, and the average laborer will do as little of it 
as he can. 

I am inclined to think therefore, that in general, better results 
will be obtained by the liberal use of water than by trying to depend 
entirely on dry ramming; but if water is used, it must be used 
liberally to do any good, and even with its use a certain amount of 
ramming must be done. 

I think too that better results in ramming would be obtained by 
the use of a rammer of different shape and weight from that com- 
monly employed. The rammer in common use weighs about 20 to 
25 pounds, and has a diameter of about 6 inches. As ordinarily 
operated by the man using it, it is lifted about 2, or possibly 3 
inches and allowed to fall, giving a blow representing the energy of 
say 5 foot pounds, distributed over an area of about 28 square inches. 
A rammer weighing 5 to 6 pounds lifted 1 foot would do the same 
work, and if some muscular energy were added to the downward 
blow, would do more. Now the lighter tool could be lifted much 
easier, the man’s muscles would not get tired so quickly, and in my 
opinion a rammer having an end section not exceeding 8 to 10 square 
inches and weighing not over 6 pounds, would give far better results 
than those in present use. 

In Hotei e form of rammer, it must be remembered that 
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ramming will affect but a comparatively thin layer, and so I think 
we are justified in requiring the back filling to be done in layers not 
exceeding 4 inches in cases where ramming is depended upon to 
settle the trench and thiner layers would be better in most cases. 
As much care should be taken in back filling trenches for house 
connections or service pipe as for those on the main line. I recall 
a case a few years ago, where I was notified that the contractor 
doing some work under my direction, was not properly back filling 
his trenches, as complaints had been received of dangerous holes 
on a certain street. Upon investigation, I found that a service pipe 
had been put in the day before by the superintendent of the works, 
and the trench back filled sometime in the afternoon. When I 
reached the place the following morning, the service trench, from a 
point over the main, clear across the street had settled, parts of it 
all of a foot, and none of it less than 6 inches, and the only depress- 
ion I could find on the main line, was at this service. This simply 
shows that contractors are not the only people who sometimes slight 
their work. 
_ To sum up, I hold that back filling should be done in such a 
manner that where the pipe does not exceed 12 inches in diameter, 
all the material excavated shall be put back into the trench, and the 
surface left smooth and with no appreciable ridge, care being taken 
that the original character and quality of the road surface is restored. 
When larger pipes are laid it would be comparatively easy to fix the 
‘amount of surplus material which would be allowed, which surplus 
should not contain any of the original surfacing stock—which should 
all be used to resurface the trench. In no case should the material 
used in back filling be allowed to be spread wider than the size of 
the trench excavated, as if this is done, shoulders which will retard 
or prevent surface water from reaching the gutters, are unavoidable, 
and they must eventually be picked down and removed. ‘This is 
more expensive than to refill a slight depression, and usually means 
the carting off of road metal which ought not to be removed. I also 
believe that instead of requiring the contractor to keep the trenches 
in repair for six months, a certain percentage of the contract price 
should be retained for that length of time for the purpose of making 
repairs which may become necessary, but that the repairs should be 
made by the town, 
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DISCUSSION. 


Mr. Hype. In our city if we fill trenches higher than the grade 
of the street there is trouble. They require us to leave the trench 
at the same level as the old road bed, and we usually have very 
little trouble in doing that, by putting in plenty of water, and getting 
about all of the material back, and most of the time all of it back, 
except, of course, in clayey ground where we can not use a great 
deal of water. We usually do use water enough to carry the dirt all 
around the pipe and perhaps a foot or so above, but we can’t wet it 
much more than that because it would leave it muddy. Then it has 
to be rammed. But otherwise, on mains and service pipes, we 
usually water, and if it is grass ground we take up the sod and 
lay it one side, and then the loam, and then throw the gravel on 
the other side, and we put the gravel back with water, and lay the 
sod back even with the turf. In nine cases out of ten that can 
be done. i 

Mr. Hammatr. There is one point I hoped I might get some 
light on. I have had the greatest trouble in back filling a trench in 
pure clay, and I hope there is somebody present who can give some 
information as to the best method of handling that kind of material. 
You take aclay which will cut out, like a cake of cheese, and throw 
it out onto the bank, it lies there in lumps, and there is just moisture 
enough in it so it won’t break up, and when it is thrown back into the 
trench, if you try to ram it your rammer slips over it like so much 
ice or grease, and water won’t have any effect on it, as usually tried 
at least. I hope there is some one who can give me some idea of 
the best method of handling that. I suppose if it could lie on the 
bank long enough to get dry and break up, you could put it back 
all right. At any rate, I know a material holding a good deal of 
clay that will dry out and pulverize, and can be put back about as 
well as anything I ever tried. But you take the clay such as I first 
mentioned, and I don’t know how to get it back in any decent sort 
of shape, so that there won’t be any settling. I never succeeded 
in doing it and I have never seen it done. __ ; 

Mr. HasKELL. The gentleman has covered the ground perfectly 
in my opinion when he suggests the idea that the nearer you get it 
pulverized when it is put back the nearer you come to getting a good 
job. His statement about putting in four inches in depth at a time 
and ramming: it could only be bettered, perhaps, by changing it te 
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tting in two inches at atime in clay. Any amount of moisture 
in the clay will make the work of getting it back more difficult. It 
is entirely impossible to ram clay that is moist, and the greater the 
amount of moisture the more impossible it is. I have found it 
almost impossible to get back the whole of certain clays. There 
are gravelly clays that you can put all back. Any other material 
Ihave ever found in our streets can all be put back, even if you 
should dig an excavation 25 feet deep for a 12-inch pipe. The only 
difficulty in getting back the material is requiring the men to do it. 
It is perfectly feasible to do it, and we always oblige our men to do 
it. Where we do the work by the day, and all of our work is done 
by the day, we put the whole material back except in certain clays. 
There are some clays we don’t succeed in doing it with, which I 
have never been able to get back. 
Mr. Winstow. I can’t give any experience in the clay, but per- 
haps I can give some experience in other soils. My method used to 
be to put the earth back and ram it, and I found that Mr. Hammatt 
stated the fact when he said that a rammer didn’t work well in the 
hands of the ordinary laborer ; it is too much work, and the heavier 
the rammer is, the poorer the earth is rammed. I used rammers 
weighing from 8 to 10 pounds, and found those worked better than 
the heavier ones, but those didn’t work to suit me. The outcome 
was that I put enough water in the trench so that when the material 
was thrown into it, it would sink in the water, and that would wet 
it thoroughly, and in most grounds it would not settle after being 
filled. The last of the trench filling I would put in dry, and ram it, 
80 as to give a chance for teams to pass over without getting into 
the mud. Buteven that did not really suit me. I have found that 
the contractors whom I had to deal with for the last year and a half, 
will do all that is required on the face of it. They will either ram 
the earth put back, or they will put water to it ‘‘in sufficient quan- 
tity?” The question is, what is a sufficient quantity, and I find that 
where they pay 25 to 30 cents per 1,000 gallons for water to put into 
atrench, their idea of a sufficient quantity is very different from 
mine. I haven’t been really satisfied in a number of cases where it 
hasbeen done. They say they have the roads to take care of for six 
months after the work is done; the rains will settle it if there isn’t 
sufficient water, and then they will fix it up. The consequence is 
that water is used rather sparingly in a great many cases, and with- 
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out doubt there will be some places to be fixed up within the six 
months specified. 

But in speaking of putting in water to settle the earth, I was 
shown a scheme this last summer that I think is the best for pud- 
dling a trench of anything I have seen. 

On Massachusetts avenue, Cambridge, there was a contractor 
from Medford who put in a 48-inch pipe in a trench averaging, I 
should say 123 feet deep. It was deep enough so the 48-inch pipe 
went under all other water mains and sewers, and in fact all the 
pipes of the city of Cambridge; none of them were removed. The 
contractor wanted to fill the trench with no ramming and with no 
water. ‘I asked him what he took me for? Well he says, ‘I can 
do that, and I will make it all right.’’ Isaid, ‘‘ how will you do 
it?’’ He said, ‘‘I will shove a pipe down into the ground and | 
will completely saturate the earth with water, and it will put it 
back there so it will not settle at all after I get through, and after! 
put a steam roller on.’’ 

The result was Iallowed him to do the work that way in Cam- 
bridge. I talked with my division engineer with regard to it. He 
didn’t take kindly to it, but we finally concluded we would let him 
try a little to see how it worked. Accordingly he filled the trench 
with this sandy material, or whatever it was, it works the same in 
all‘cases. He filled the trench within about a foot, and then hitched 
onto a hydrant, with an ordinary fire hose, with a play pipe about 
20 inches long with about an inch and an eighth nozzle, I think. 
A 2-inch meter was attached which allowed only about 75 gallons 
of water a minute to go through the hose. He would shove the pipe 
down so it would come within 3 feet of the bottom and let it play 
until the ground settled, and then he would pull it out and shove it 
down again. When the ground stopped settling and the water came 
to the surface, he would start over again 4 or 5 feet away and 
do the same thing, and so zigzagging along up the trench. After 
getting all the water in he wished to he would then even it off, put 
on his top material and use rammers, and leave it fairly well crowned. 
This trench was 7 feet wide, and after letting it stay for a few days, 
perhaps a week, he put a steam roller over it. The consequence 
was it put the street down, very nearly, if not quite as well as it 
was before, and I doubt if it settles a great deal in time to come. 
There is another matter to be considered, and that is the cost. 
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In Somerville, this contractor paid $200 for the water to puddle the 
trench, using what he wanted. In Cambridge he paid for it at the 
rate of 30 cents a thousand gallons, and he puddled the trench 
satisfactorily, and his bill was a good deal under $200, which was the 
price which they wanted for the water to take itina lumpsum. And 
you can see that to fill the trench so that when the gravel was thrown 
in, it would fall in the water and be thoroughly wet before it would 
go to the bottom, requires a surplus of water over and above what 
would be required to simply fill it to saturation. 

Mr. GILBERT. I am a firm believer in the use of water in filling 
trenches. I think its use cheaper than ramming and it is much 
more effectual in my opinion. But I believe you have got to use 
the water very liberally. In my experience the more water you 
ean get into a trench and not have it overflow, the better job you 
eando. Of course it makes some difference what the material is 
that you have to put back. Our streets are mostly macadamized, 
and we are obliged to be very particular to get all the material back, 
and with the size of pipe that we lay, by taking pains and using 
plenty of water, we can do it. Sometimes in putting in services it 
is almost impossible to get water, and in that case we do it by ram- 
ming. But it is a very difficult matter I find to ram material around 
the pipe, or in any bad place, and eet it all back, so but what it will 
settle some afterwards. 

I had an experience last week. I dug a trench across the street 
about 50 feet long, and had the dirt all thrown out, and one of those 
cold nights it froze up, and it froze from 3 to 4 inches deep all over 
that dirt which was to be put back. After putting in the pipe, the 
workmen began to pick up the dirt to put it back, and it was in large 
chunks and very solid. I hardly knew how I was going to get it 
back, because it was where they had got to drive over the trench 
immediately, and I wanted to get it back in as good shape as pos- 
sible. The idea struck me that if I would take all those large frozen 
chunks and throw them in the bottom of the trench, I might settle 
the fine dirt around them and get it all in in that way. So I had it 
all picked over and had all the chunks thrown in the bottom of the 
trench, and then we filled the trench about two thirds full of water, 
and then put all of the fine stuff back; and without using any ram- 
mers at all we got it all in and got it down level with the grade of 
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the street in good shape. I think it is very much cheaper than ram- 
ming without water. 

Now speaking of filling trenches when you are laying mains. Of 
course if a contractor takes a job to lay a line of pipe, he makes his 
price according to what he has got to do. If he has got to put the 
material ail back and get it down to the surface, he has got to get 
his pay for it, of course. Now, in back streets, where there isn’t 
very much travel, of course the cheapest way for any town is to 
throw it back and let it settle itself. It makes rather a bad looking 
street, but I notice when the work is done in the fall, by waiting 
till spring it gets down in good shape, and it doesn’t cost near as 
much as it does to pay the contractor for ramming it. 

Mr. E. A. Taytor. We have found the method which has been 
mentioned, of filling to near the surface and then puddling, the 
most satisfactory way we ever tried. This plan which Mr. Ham- 
matt suggests, of having five rammers to one shoveler can’t be car- 
ried out at the present contract prices. Last week I had occasion 
to fill a trench with frozen ground, and some of the lumps were a 
foot in diameter. I would like to ask if anyone can suggest an eco- 
nomical way of treating them where there is no water to be had? 

Mr. Hammatr. My friend suggests that the contractor can’t 
afford to do the best work at the present prices. I think that is very 
doubtful myself, and I don’t think we ought to pay present prices. 
I think myself it is poor economy for a town to have its work done 
in the way in which it is too often done, simply to save a few cents 
per foot on the cost of laying the pipes. I think they have to pay 
more in the end for fixing the streets than they would if they paid 
enough to have a good job done in the first place. 

Mr. E. A. Taytor. I filled about two miles last year with a 
road machine, just scraping the dirt in, with no attempt to puddle 
or anything. We just scraped it in and crowned it over, and that 
was much cheaper than any puddling or tamping we could have 
done. It settled the first rain, and we ran the machine over again 
to fill the holes. We ran it over three timeson one street. It was 
much cheaper for the town, and was satisfactory to them. 

Mr. HaskKELL. I suppose that was in a town where the original 
condition of the streets, perhaps, was fully as bad as that left them 
in. 
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Mr. Futter. At Winchendon last year, the contractor back 
filled his trenches and crowned them up. He filled them with the 
_seraper, and then took a four horse team and loaded it heavily, and 
drove it along, allowing one wheel to run over the trench, and it 
compacted it and made a very good job of it. 

Mr. HaskELL. The trouble with that sort of ramming is this: 
It will do a pretty good job right at the time, but it don’t have any 
effect for any depth down into the trench. Youcan put a tumbler 
or a fine glass jar down two feet deep, a foot in diameter, and you 
could run a pretty heavy load over it and you wouldn’t break the 
glass. That will show you how much effect it would have below the 
immediate surface that that wheel ran over; it certainly wouldn’t 
extend down over 8 inches. It would get the contractor out of it 
very likely, but by next spring the trench would be back again just 
as bad as if that wheel hadn’t run over it. 

Mr. FarrBanKs. I represent Winchendon. Those trenches 
were filled with a scraper, as Mr. Fuller has said, and a four horse 
team was put on loaded with stone. At least 12 miles out of the 
13 were filled in that way. Then they took the road scraper and 
went lengthwise, after the dirt was scraped in; and most of our 
streets were in as good condition in one week after the pipe was laid 
as they were before, and they have been ever since. They have 
gone through one winter and almost two summers. 

Mr. GILBERT. LThad a steam roller run over a gate box the other 
day, and I guess if the gentleman had been there he would have 
made up his mind it went to the bottom. 

Mr. Haskett. Anybody who has done much of any street work 
ought to be very well aware of the fact that he can’t tell very much 
about what is under our streets. I had occasion once to dig a hole 
ina street where they seemed to be a very good surface. There was 
a sewer laid about 14 feet deep, and a team came along by and broke 
ahole through. The hole at its first appearance didn’t seem to 
amount to much, but we put in 35 double team loads of small stones 
in filling that hole. The surface of the street was, as this gentle- 
man says, apparently very good, but without a doubt there had been 
asmall opening in the sewer and the under material had gone down 
into the sewer and been carried away. It didn’t show on the sur- 
face at first, but time revealed it. 
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Mr. L. A. Taytor. I had an experience in Worcester. There 
was a sewer built about 13 feet deep through clay—hardpan, and the 
material was replaced by shoveling and some puddling; I think 
there was no ramming done, but it was replaced in fairly good con- 
dition. This work was done during the summer, and the next 
spring the street was paved with the ordinary square block paving. 
Twelve years after that—I was at that time in charge of the Wor- 
cester water works as superintendent—I was driving out to one of 
our reservoirs one morning, and I found that street for about 1,000 
feet had settled from 8 inches to a foot. Well, the solution of the 
thing was this, that the pavement had made a comparatively water- 
tight erust over this trench, and the clay underneath had become 
gradually saturated, but it had taken 12 years for it finally to drop 
down and compact itself. I doubt if anyone in the city of Wor- 
cester except myself knew the occasion of that, but I knew all about 
it. - 

THE PRESIDENT. A six month’s guarantee didn’t amount to any- 
thing in that case. 
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BACK FILLING TRENCHES. 


BY E. H. GOWING, BOSTON, MASS. 


\ 
[Read Jan. 12, 1898.] 


I have been asked to tell what I know about back filling. It isn’t 
much, and, after the paper read at the last meeting, it will appear 
to be very little indeed. 

One item, however, seems to have been left out of the considera- 
tion, and it is an important one, too. It is the expense of having 
back filling done as the author of the paper referred to says itshould . 
be done. 

This same matter of cost is, I think, too often left out of the 
question ; as in the case of installing a high duty pumping engine in 
place of a low duty engine, when the interest on the saving in first 
cost, to say nothing of extra cost for repairs on the more compli- 
eated machine, is more than the increased cost of fuel, ete., required 
by the low duty engine; or, as when additional water supply for a 
city or town is obtained at great expense, when a less amount of 
money invested in meters, would stop the waste and do away with 
the necessity for the increased supply. 

There is no question in my mind but that back filling can be re- 
turned to the trench in such a manner as to prevent after settle- 
ment, etc., etc., but does it in every instance pay, and are the 
authorities whose money is being spent willing to stand the expense ? 

An instance was reported to me of a contract being taken where 
Mr. A was the engineer, and where it was supposed that he would 
interpret the specifications, including the clause regarding back fill- 
ing, and that he would interpret this clause in that town as he had 
previously done in others, and by the way, as he has done since. 
When the work was begun, in place of engineer A, the contractor 
found that Mr. B was to interpret the specifications, that his ideas 
were entirely different from those of engineer A; that he insisted 
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upon having the clause referring to back filling carried out to the 
letter, and according to his own ideas, and without any reference to 
- those of engineer A. The contractor was caught, and in that case, 
the authorities got their back filling done as Mr. B thought it should 
be, and without paying for it. You may say the contractor was at 
fault in not bidding upon doing the work in the manner called for 
by the specifications. That opens up an argument upon which much 
might be said. For the purpose of this paper, it is sufficient to say 
that not one pipe laying contract in a hundred is awarded to the con- 
tractor who bids on doing the work strictly according to a literal 
construction of every clause in the specifications. 


In the case of streets paved or carefully built, back filling should 
be carefully put back, and the original surface restored as near as it 
can be. The authorities should pay for it, and the contractor should 
make his bid high enough to cover the expense. But, in the case 
of country roads, where the pipe is frequently laid outside of the 
traveled part of the road, where but little expense has been incurred 
in building the road, where the original surface, as likely as not, is 
of inferior quality to the gravel found beneath the surface, I con- 
sider it quite unnecessary to go to the expense required by a_literal 
reading of the average clause regarding this part of the work, 
When the pipe line crosses a street, more care should be taken ; and, 
in the case of service pipes which almost always cross at right 
angles, it is desirable that sufficient precautions be taken to prevent 
too great after settlement. | 


In the spring of 1892, I wrote some specifications for pipe laying 
and called for a price per foot for pipe laying with the understand- 
ing that the back filling should be done in the manner customary in 
country towns, and, in case it was required, another price for thor- 
oughly ramming the back filling. Practically the same specifications 
_ were used in two towns. In one, 2,500 feet were required to be 
thoroughly rammed ; in the other, none. In one town there were 
four bids; two bids were five cents per foot and one each two and 
three cents. In the other, six bids; four of which were five cents, 
and one each, two and three cents per foot, the lowest bidder in 
each case bidding three cents. 


- Through the kindness of Mr. Fuller, who writes contracts with 
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an item for specially ramming back filling when required, I am ena- 
bled to give the prices bid for thoroughly ramming back filling in 
two other towns. They are as follows: In one town, out of eleven 
bids, there was one, eight cents; three, five cents; four, three cents ; 
one, two and one-half cents ; one, one and three-quarters cents ; and 
one, one and one-half cents. The contract was awarded to one of 
the three cent bidders. In the other town, out of five bids, there 
were two, five cents; one, four cents; one, two cents; and one, one 
cent ; awarded to the last. 


These figures give some idea of what contractors of experience 
think it costs to back fill so there shall be no after settlement, and 
some idea of what should be added to the estimates for that pur- 

Now, as I said before, I do not believe this extra expense is 
warranted in the smaller towns. In a system having, say, ten miles 
of pipe, the additional cost would be from $1,000 to $1,500, without 
the work being any better. I think I say this advisedly, for those 
interested in works in such towns have, in almost every case, 
expressed themselves as satisfied with the work; and, from my 
contact with water works officials, am sure a large majority of them 
would prefer not to pay $100 to $150 per mile to have the trenches 
back filled in any different manner from what they were; for, in 
many towns, even such sums are considered worth saving. . 


I would like to protest against the form of the back filling clause 
‘frequently inserted ; for I think this clause, as other clauses, should 
‘say just what it means, and mean just what it says, so that the 

bidder need not take the personal equation of the engineer into 
account at all, or have to guess as to the probable effect of 
having an inspector who will or will not enforce the specifications 
literally. The specifications should state how the back filling is to be 
done, and then it should be done that way. When the specifications 
say that it must be spread in 4-inch or 6-inch layers and rammed with 
heavy rammers, the contractor should not be allowed to scrape it in 
with a horse-scraper. Please understand that I think it right, in 
Many cases to use scrapers; and were I building works for myself, 
or acting as engineer, would allow it when proper; but would try to 
write the specifications so that I would not pay the same price for 
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_ having the work done that way, as 1 would expect to pay for more 
thorough work. 

I remember seeing some back filling going on, some years ago, 
where twelve men were shovelling frozen earth, and two men were 
ramming with the tools and in the manner spoken of in the paper 
referred to. From my point of view, ramming, in that case, meant 
simply an unnecessary tax of $3 per day on the contractor, without 
the slightest benefit to the town for whem the work was being done. 


You who have never undertaken a contract, may think the con- 
tractor likes such little things; but were you in his place, would not 
you think it was worse than foolish to be obliged to make the outlay 
. when neither party to the contract was getting any benefit ? 


The author of the paper referred to says: ‘‘I hold that back 
filling should be done in such a manner that where the pipe does 
not exceed 12 inches in diameter, all the material excavated should 
be put back into the trench, and the surface left smooth and with no 
appreciable ridge, care being taken that the original character and 
quality of the road surface is restored,’’ and I would simply add, 
‘¢ where the original character and quality is of such a character and 
quality as to require it, when it is distinctly understood beforehand 
that such restoration will be required, and when the authorities are 
willing to pay for it.’’ 

Speaking of the use of water for tamping, of course that is all 
very well in the case of ditches opened for any purpose in streets 
already supplied with water; but what will you do when the works 
are first put in, and when, as is frequently the case, the pipes are 
all laid before the pumps are set up and in commission? In that case, 
water could only be obtained at considerable expense ; and it is just 
this expense which I believe, in many cases, we are not warranted 
in incurring. 

What is‘said, in the former paper, about the tools used and the 
manner of using them, is true. I believe a rammer more like those 
used for tamping ties in railroad work would make a much better 
tool than the rammers now used. _Toshow my idea of what a ram- 
mer should be, I have brought one to be used when required. This 
was made especially for tamping under large pipes which were laid 
to line and grade and supported on blocks and wedges. 
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The cause of the listless manner of men using rammers, one need 
not go far to find. What contractor, in the above instance cited, 
would put any but the laziest men on the rammers, and even the 
~ stupidest laborer, American or foreign, knows that he is mainly 
there for form’s sake, and can you expect him to.put any interest in 
the work? The fact is, ‘‘ human nature’’ is a factor in work. 
Even contractors and their laborers have some of it; and when this 
important factor is taken into consideration and allowed for, there 
will be fewer differences between engineer and contractor, better 
work will be done and every one better satisfied. 


DISCUSSION. 

Mr. Fuuuer. I think there is a good deal of justice in what Mr. 
Gowing has said, and it seems to me it would be much better in 
writing specifications to divide the matter into two parts, or two 
sections; that is, have a price for a ditch that is to be filled 
and rammed only under the pipe, and another price where the 
entire ditch is rammed. I have used this method in two cases and 
it has worked very satisfactory indeed. I think the trouble with the 
old style of specifications was, that the water commissioners, who 
knew very little about the thing and thought that they must have 
everything done as was specified, which, of course, was all right, 
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insisted on having a great deal done that was unnecessary. Now 
if certain parts of the streets require that the trenches shall be 
rammed, let them be rammed, and let the contractor get the price 
which should be paid for doing such work ; and in other parts of the 
town, where there is little travel, where the roads are poor, it seems 
to me it is unnecessary to do much ramming. In the course ofa 
few weeks or a few months the street will get down to about where 
it was in the first place, and it will be just as good as it ever was, 
and just as good as if it had been rammed down flush with the sur- 
face. I don’t think I ever knew of a pipe being broken after it had 
been laid, because the trench had not been entirely rammed. So 
it seems to me it is much better to allow the authorities, the water 
commissioners, or whoever the persons in authority are, to say what 
streets and what parts of the streets they will have rammed, and let 
them be rammed, and let the contractor get his pay for it, and let 
the other streets go without being rammed so that the top is flush 
with the old surface. In that way, as has been said, a great deal 
of money will be saved, which ordinarily can be put into some other 
part of the work to better advantage. 

Mr. Ricuarps. I agree with Mr. Fuller that the ramming 
should be paid for, but as to where it should be paid for, it seems 
to me that it is largely a question of how much risk you are willing 
to take. For instance, if your ditch is improperly filled and settles, 
and somebody drives into it, five hundred dollars isn’t a very large 
bill for damages, and that would pay for considerable ramming. 
(Applause.) If you are willing to take that risk, and are lucky, 
and nobody drives into the ditch, then you are all right, but if you 
are unlucky then you will wish you had rammed the ditch. 

Mr. Hammar. I don’t think I should take issue with Mr. 
Gowing’s remarks, nor, in the main, with those of Mr. Fuller. 
Yet I think there is one point which Mr. Gowing has spoken of 
where he has to some extent misinterpreted my paper. While I 
think I stated that my experience had been mainly in suburban 
towns, I, perhaps, should better have said in towns near Boston; 
and in the majority of such towns the character of the streets is 
such, that in my opinion at least, they all ought to be rammed. 
There are undoubtedly places where I would fully agree with Mr. 
Gowing that the thorough ramming which I advocated might well 
be omitted, or, at all events, a large part of it. But, as Mr. Rich- 
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ards says, it is largely a question of how much risk you are willing 
to take. As to the matter of the use of water, my paper, perhaps, 
was 4 little vague. Of course there are cases where it is practically 
impossible to get water to use to advantage. When I wrote the 
paper I had in mind more particularly the statement made some 
years ago by Mr. McClintock, if I remember rightly, advocating dry 
ramming ‘entirely ; and the point I wished to make was that with 
the ordinary contracting work you would undoubtedly get better 
results by using water than pgs would with dry ramming with the 
present facilities. 

Mr. FuuLuer. I would like to say just one word in respect to what 
Mr. Richards has said in regard to accidents being caused by lack 
of ramming. In all my experience, with about a dozen different 
systems of water works, I don’t remember ever having a single law 
suit growing out of any accident that occurred because the trenches 
were not entirely rammed. There may have been little accidents 
where a few dollars paid the bill, but there has been nothing ateall 
serious, nothing where the money paid out would compare with what 
would have been paid for the extra ramming. 

Mr. Ricwarps. Mr. Fuller has been very fortunate, and he is 
to be congratulated. 

Mr. Gowine. Ithink I have been just as fortunate. I have had 
to do in one way or another with between 250 and 300 miles of pipe, — 
and I remember but one case where there was any accident which 
really cost anything, which could possibly be laid to lack of thorough 
ramming in the diteh, and 1 am not so sure about that, because it 
occurred in a low place after a heavy rain, and the ditch was filled 
up with water. It was thoroughly puddled, and after it was dried 
out there would have been no trouble. But a team ran into it one 
Sunday morning, (when the people had no right to be out under the 
law), and on account of the ditch being so thoroughly puddled and 
wet, the wheels sunk in and a woman’s dress was spoiled, and it 
cost $50 to settle for that. But it is the contractor who has to pay 
for all these things, he has to take all the risk; it doesn’t come on 
the town. 

Mr. HasKELL. Of course, as we are talking this matter over we 
see all sides of it, and I think we are all aiming to get at the 
same thing. My idea is that the engineer should write the 
specifications to cover the particular work there is to be exe- 
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cuted. Out in the woods, where the road has a good many danger- 
ous places in it, as we may see in riding around in the country, 
there are undoubtedly a good many places where you could put the 
dirt back with a scraper and leave the street better than it was 
before you went there, Any sort of work would go there. But I 
’ have seen a good many instances in the city where water pipes have 
been laid in paved streets, and I have sometimes as late as a year 
afterwards, seen places where the paving had settled down so the 
street was dangerous. I have known cases where hundreds of feet 
of paving had to be taken up, and more material put in and the 
street repaved. I have known that to be done four times on one 
street. Now, if, the work had been done properly the first time, 
even at quite a heavy expense, it would have been on the whole 
cheaper, than the final cost of the work. As to the risk of expen- 
sive results from accidents occasioned by poor back filling in 
trenches, I can cite one instance where a contractor put the back 
filling into a trench in the street, and there came a storm and it 


settled, and he had to pay $10,000. A man driving a milk wagon — 


came along in the morning and tumbled into the trench, the team 
was smashed up, and the man was badly smashed up, and there was 
a $10,000 verdict at the end of a lawsuit. 
THz PRESIDENT. Mr. Gowing, have you anything to say about 
that? You see the contractor has to stand it. 
Mr. Gow1na. Hecan stand most anything; he has to. (Laughter.) 
I do not want to be misunderstood as entirely disagreeing with Mr. 
Hammatt, for I intended to bring out the idea that in certain places 
it is necessary and desirable that the trenches should be back filled 
as well as they possibly can be. In such streets as Mr. Hammatt 
speaks of, in the vicinity of Boston, I should believe in doing it as 
thoroughly as he would; but I mean to say there are places out in 
the country where I do not think it is best to do it in that way. 
Mr. Cuace. I should like to ask either Mr. Gowing or Mr. 
“Hammatt whether they believe in putting back the back filling in 
‘such a way as to leave the surface of the ground flat when they get 
through, or whether they would leave a small ridge to allow for future 
settling. 
Mr. Gowina. I meant to leave a mound. Of course when back 
filling is put back in that way it means it has got to be watched and 
looked after. I did some work a year ago, for a gentleman who is 
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in the room, and after we got all through I said to him, ‘‘ Now, 
that ditch is going to settle some, and we are not to be in town; 
won't you look after it and let us know what the bill is and we will 
pay it?’’ That was satisfactory to him and it was to us, and when 
the bill comes in, if we are not in the poor house, we will pay it. 

Mr. Hammatt. In that connection, from my experience, I be- 
lieve if the trenches are properly back filled they should be left 
either flat or with a crown not exceeding 2 inches. And I believe 
that largely for this reason—I am speaking more particularly now 
of streets where the surface will warrant the thorough back filling 
mentioned :—if your trench is left crowned with the idea you are 
going to have future settlement, and that settlement does not take 
place, that material that forms the crown, to make your street in 
proper shape, has got to be picked off and carted away. Now that 
will either be the very best of the road material, and you are carry- 
ing off what ought to be left on the street, or even if it is not road 
material but any other material, makes an expense either to the 
contractor or to the town which is unnecessary. It is more of an 
expense, as a rule, to cart off from 4 to 6 inches of material than 
it would be to put on 2 or 3 inches of road material if the trench 
should settle a couple of inches. From the experience I have had 
with towns they very much prefer to cart in 2 or 3 inches of 
road material to make the street good, than to pick off and cart 
away from 4 to 6 inches of whatever material there was there. 

Mr. E. A. TayLor. The main point under discussion really is 
the wording of specifications. I think they should be worded 
differently according to the different conditions to be met with in 
different places. One incident will illustrate what I mean. We 
had about two miles of pipe to lay recently through fields, crossing 
only one road. The clause which referred to back filling was plainly 
written for city streets, because it referred to paving, macadam, 
and so forth. The inspector had one idea about the back filling, 
and we had another, so the engineer was appealed to, and he said: 
“Well, it will all depend upon how much you are inclined to kick.’’ 
We didn’t kick much, but the result was we were allowed to back 
fill the trench without any ramming except where we crossed the 
road. 

Mr. Beats. The remark that the gentleman has just made 
covers a good deal from the commissioners’ standpoint, ‘‘ how much 
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the contractor will kick.’’ I never could quite see why it should be 


put in the specifications that the trench shall be back filled and pud- — 


dled and tamped and all the material returned to the trench, and then 
when you ask the engineer why the contractor doesn’t do that the 
answer will be, ‘‘ They never do it;’’ and then comes in the point 
how much the contractor will kick. I think it makes a good deal of 
difference about the material in the streets. In some of the streets 
in Middleboro the material is of a very peculiar nature with regard 
to filling. I have a case in mind that happened on our own works. 
The job was apparently well done, the material, perhaps all of it, 
put back in the trench, and the street left with a good surface, and 
some four years after the work was done, one wet night a hack drove 
up to a house on the same side of the street that the water pipe was 
and two of the wheels went into the trench, giving the hack a wrench, 
and the result was that the owner of the hack got almost a new hack 
out of it. It needed repairs, and the water board had to pay for it. 
That was because the trench underneath, the lower part, had settled, 
and left a good hard arch which stood there for three or four years, 
until it sunk away one wet night and let the wheels of the hack 
through. And about that same time we discovered a similar condition 
of things on one or two other streets. The result was we put our 
men upon every place where we suspected there was such a settling, 
and picked the earth all down till we reached solid material, and 
then carted in new material, and I believe, with one or two excep- 
tions, we haven’t had any trouble of that kind since. Our soil is of 
such a kind that some of it will settle hard and some of it will set- 
tle with an arch. 

I recollect an experience we had in laying an 8-inch pipe. There 
were perhaps 300 feet of it, and we had to hurry up because we 
were right alongside of a store with two or three entrances, where 
they drove up for loads of grain and other things, and we wanted 
to get the trench dug and the pipe in as quickly as we could. When 
we got our pipe in it was approaching night, and we wished to get 
it filled before night so we hurried up the filling without keeping 
up to the specifications, (we were doing it ourselves, however, and 
not under contract), and we filled about 150 feet of the trench leaving 
it a little crowning. The other 150 feet we had good opportunity 
to both ram and puddle, and we did it thoroughly, and got all the 
material in, and it didn’t quite come to the level. But it so hap- 
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pened that within eight or ten weeks we had a horse in that trench 
that we did so well, where we got all the material in and didn’t 
quite fill the trench, and we had to settle as easily and peacefully 
as we could, without making any more noise about it than necessary, 
For you know what a temptation there is if anybody can drive a 
horse into a ditch without getting hurt, to do so and then claim 
damages. Our experience in that case was that the work we thought 
we had done the best was what the damage resulted from. 

The material we have is a hard, marly material, a mixture of clay. 
During the summer time, when dry, it picks up a good deal like 
cement, and when it is wet it picks up like pudding, soft. There 
are one or two persons in the room who ean appreciate the kind of 
material we have in some of our streets, and what treatment it needs 
in filling. Ihave had the best results from dry ramming, and I 
prefer a rammer like that which Mr. Gowing has shown us, rather 
than a round one; because the trouble I have found usually has been 
where the material has been wet and then dried out and shrunk, 
leaving a crack between the new material and the old side of the 
trench, and the water pours down through the crack and softens up 
the new material in the trench. From the experience I have had, 
(I haven’t had as much as many others here have) I have found 
that if you ram right close to the old hard earth, so the water won’t 
get a chance to get down there, there is less danger from settling 
afterwards by the earth filling up with water and softening, than 
there is if you use a round, heavy rammer and ram the whole trench 
across. I think I have had better results in just seeing that the 
edges are thoroughly rammed than in trying to ram the whole. 

THE PRESIDENT. Mr. Taylor cited a very interesting instance 
at our last meeting, of the settling of a trench after a long time. 

Mr. L. A. TayLor. That was a case of a sewer trench, I think, 
after eleven or twelve years. The reason that it kept up so long 
was undoubtedly because the street was paved the year after the 
sewer was built, and it was probably owing somewhat to the kind 
of material. As Mr. Beals says, the kind of material is a very great 
factor, and engineers should, it seems to me, make their specifica- 
tions according to the circumstances, instead of using precisely the 
same wording in every case, as they often do. I have laid water 
pipe, for instance, in Provincetown, where there is nothing but sand 
about the size of granulated sugar, and there is no more use to tamp 
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it than there is to tamp water. The trench would be from 8 to 12 
feet wide on top for a trench 3 feet deep. I have also done work 
in Middleboro, and, as Mr. Beals says, when that soil becomes satu- 
rated it is almost a quicksand, and when it is dry, after it has been 
on the bank for a few days, it is almost like concrete. It is pre- 
cisely the same soil, but the difference is in its being saturated 
with water. So the character of the material should be taken into 
consideration in back filling trenches, because there are so many 
extremes. I have also laid a line of pipe some six or seven miles 
through private fields. The specifications called for tamping it all, 
through cornfields and woodland and stumps and roots and all that 
sort of thing, but of course it would be absurd to do that. Of course 
where we cross the small gullies and rivulets, we have to look after 
those places anyway. So it seems to me that in making specifica- 
tions it is somewhat too common to follow the stereotyped form, and 
then when the work is let simply tell some of the contractors it will 
be done about so and so, and some other contractor who don’t know 
about that will take the chances. Of course in suburban towns and 
cities there is no doubt but that the best work which can be done is 
what should be done. But in country towns in the northern part 
of New Hampshire or Vermont or down in Maine, it would be use- 
less to ask them to pay $150 to $250 a mile, which might mean 
$1,000 or $2,000 additional cost for the works. They wouldn’t pay 
for it, it wouldn’t be expected and it wouldn’t be necessary. 

THE PRESIDENT. Mr. Hazard, you have had experience, can’t 
you tell us something about this matter? 

Mr. Hazarp. My experience has been limited. I agree with 
Mr. Richards, that we can’t afford to have trenches cave in after 
they have been back filled. My experience has been that if you fill 
them in a hurry, put the dirt in anyhow, the dirt will form a sort of 
arch over the top which will stand up for some time, and you will 
never know when you are going to get a cave in. It may come in 
one year, and may not come in ten years, as has been said. I have 
seen sewer trenches which caved in after four or five years. A horse 
would go along and happen to step very heavily and would break a 
small hole through, and you would find that the whole trench was 
undermined, that under the surface there was a cayern, and the top 
‘of course, is liable to go down at any time, 
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I have had several cases where we had to back fill sewer trenches 
outside of the limits of the water supply. The way we have always 
managed in such cases has been to fill the trenches up to within 
about 4 inches of the top of the ground, and then leave them until 
it rained, and we have almost always got them settled in good shape 
in that way. Sometimes, of course, you have to wait quite a little 
while, but we have always thought it better to leave them in that 
condition for two or three weeks even, rather than to fill them up 

and have them settle after two or three years. Generally if you 
leave 3 or 4 inches of depression on top till it comes a good soaking 
rain, the water will stand right there and settle it down thoroughly. 
Of course that isn’t as good as if you had plenty of water to put in 
as you are putting in the dirt. I will say I have had the best suc- 
cess in putting back earth by filling the trench about a foot or a foot 
and a half over the pipe, and then filling the trench up with water 
and letting the dirt drop down through the water, keeping the trench 
full of water all the time. 

Mr. L. A. TayLor. I think earth loosely put in the trench will 
settle much quicker than if it is half or two-thirds rammed. Ordi- 
narily, earth which is put in loosely will go down at the very first 
rain; of course that depends some on the character of the material 
too. 

Mr. E. A. TayLor. As to the practice of leaving trenches open 
for two or three weeks, that might do where there is slow progress, 
as in digging a sewer trench; but in laying water pipe, where you 
put in perhaps a quarter of a mile a day, you couldn’t leave the 
trench open many weeks; you would have to fill it up. 

Mr. Hazarp. I agree with Mr. Taylor, that it is better not to 
tamp at all than to half tamp; but even if you fill the trench up 
loosely, the traffic will harden the surface so it makes a sort of a 
bridge by the pounding of the horses and the wheels. If rain 
doesn’t come pretty soon after the trench is filled, it will hold up a 
long time before it settles. In the case I cited it held up, I think, 
for four years before it went down at all, and after that it settled 
for about two years. I think it is about seven or eight years now since 

_ the trench was dug, and I noticed the other day a depression of 
about 4 inches along the whole trench. Of course that wasn’t as 
bad as a settlement which would let down a horse. 
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THE PRESIDENT. Mr. Eglee, can you say something from the 
contractor’s standpoint ? 

Mr. Eauee. I have found in my experience but one way of back 
filling a trench and having it stay as it ought to stay. One method 
adopted in city streets is to thoroughly ram the trench. Now, 
there is only one way to thoroughly ram a trench and that is 
not by a rammer the handle of which comes up as high as a man’s 
head, but to use a regular paving rammer, a heavy iron-faced pav- 
ing rammer; and to use that properly you must spread your earth 
in layers no more than 3 inches in thickness, and you must have at 
_ least one rammer to every shoveller, or three rammers to two 

shovellers, and the men must shovel slowly. That is one way, but 
even then it doesn’t always stay. After years that will settle down 
and you will have to replace your paving; but that is the best way 
of ramming. Any kind of ramming where the man takes the ram- 
mer and stands in this way (illustrating) and pounds, is not entirely 
satisfactory; because the usual method of ramming trenches, where 
that kind of tool is used, is to put some dirt in the bottom of the 
trench, and the poor men go in there down low so that the taxpayers 
don’t watch them very closely, and they ram just as little as they 
ean. And when they get up to the top, where the ‘‘ committee of 
forty-nine ’’ can see what they are doing, then they begin to ram hard 
and put a crust on top of the earth, and that is just exactly what 
you want to avoid. You have got all your soft material underneath, 
and the water works through under this hard surface and attacks 
all the loose, soft, half-rammed material, that goes down and then 
you have a nice crust on top for somebody to fall through some day 
That is the method of ramming usually employed in suburban 
towns. I have back filled trenches for fifteen years, and I have 
never rammed them when I could help it. I always kick. 

There is one method, however, of back filling a trench and leav- 
ing the trench absolutely right, just one method, and in employ- 
ing that method the contractor takes the risk; in fact the contractor 
takes the risk anyway. What does your contract say? It says that 
this work must be delivered to the water commissioners at the end of 
six months or one year, and the contractor takes the chances all that 
time. Now, when | first began to back fill trenches I laid awake 
‘nights wondering if anybody was going to get injured. I don’t do 
that any more, because in fifteen years I have never had but one 
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accident, which cost me $200, and that occurred in a very peculiar 
way. I built the water works in a certain town and back filled the 
trenches, and in front of the post office I rammed it thoroughly. 
Two years afterwards, when visiting some friends in that place, I 
drove across the trench in front of the post office, and my horse fell 
in and I had to kill the horse. (Laughter.) That is the only loss 
in fifteen years. Now, I will tell you what I think is the best 
method. It is to take a rammer of the character I have mentioned 
and ram around your pipe under the bottom of it thoroughly, just 
as well as you possibly can, and have that ramming follow directly 
on the heels of the caulkers. Just as soon as the caulkers have 
finished let certain specially picked men, men who will do this work 
well, who have no foreman standing over them, but who have been 
selected to do this work because they will do it well, let them follow 
right behind the caulkers and ram under the pipe thoroughly. Then 
fill the rest of the trench just as loosely as you can. Have a slight 
mound, and lengthen that out sothat no one will tip over on it. Then 
after every rain send your men over this trench and loosen the top 
of it, and don’t let it become compacted, but have it loose so that 
the water will soak into the trench. That is the best way of settling 
it. After a winter’s rains and snows and frosts have gone over that 
trench, in the spring time you can go over it and smooth it up and 
it will be all right then. If you throw your earth into the trench 
and put water on it, soak it, the earth will shrink away from the 
sides, just as Mr. Bealssays. If you ram it, in most soils you can’t 
ram it hard enough but what a good deal of the earth is soluble in 
the water that will work its way into the trench. Anything that is 
- soluble in water will be carried down into the bottom of the trench 
and fill up the little cavaties, and the top of it will finally cave in. 
You can’t ram it hard enough to have it right, because after you 
have rammed it you can turn a hose onto the trench and work it 
down. There is only one absolutely sure way, and that is to keep 
the top of your trench soft, take the risk, and then fix it up in the 
spring. 

Mr. Evans. I believe the trench should be filled half the 
diameter of the pipe and thoroughly rammed, and then above that, 
if care is taken to fill in horizontal layers, not allowing the laborers 
to make hills, as I call them, which allow the dirt to run down and 
become uneven in the trench, I think your settlement will be so 
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uniform you will have very little difficulty with it, especially if you 
mound some 4 or 5 inches above the surface where your trench is. 
I think there should be great care in seeing that the trench is filled 
uniformly, and not in uneven ridges. I think there is more trouble 
from unequal settlement than from any other cause, and that is on 
account of the way the earth is put in. I do not believe, except in 
much traveled ways, there is any necessity of ramming the trench 
to the top. Certainly the way it is ordinarily done I don’t believe 
it does much good. I know I have often said, in going along the 
trench where they were ramming, that I would be willing to put my 
watch under 4 inches of earth and risk the glass crystal, and I think 
it would be perfectly safe to do it. 
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HANDLING AIR IN A TUBE WELL PUMPING PLANT. 


BY D. N. TOWER, SUPT., COHASSET, MASS. 
[Read January 12, 1898.] 


This paper is to give a brief description of the Cohasset Water 
Works and my experience in fighting air leaks in the wells and 
suction mains of a driven well supply. 

Cohasset is a small town on the south shore about twenty miles 

southeast from Boston ;° population about 2,450, this number being 
quite largély increased in the summer by nonresidents who have 
summer homes there. 
- The water supply is taken from 64 driven wells, 2-inch diameter, 
located in the centre of the town. We have a Blake pump of 
three-quarter million gallons capacity and a reservoir of one and 
one-half millions, the latter located at an elevation of 160 feet, 
which gives an average pressure of 60 pounds. There are about 
7 miles of cast-iron mains, 36 hydrants, and 288 service pipes, being 
an excess of 88 service pipes over the total number estimated at the 
time the works were built. The suction main consists of 478 feet of 
10-inch pipe, 676 feet of 8-inch, 459 feet of 6-inch and 289 feet 
of 4-inch, a total of 1,900 feet of cast-iron, besides the sixty-four 
2-inch driven wells amounting to as many feet more, thus giving a 
total of 3,800 feet of suction pipe. 

The wells were driven in two lines about 650 feet in length each, 
and about 80 feet apart, connected at about the centre, and on 
this connection is the sand chamber which is 407 feet from the 
pump. From this sand chamber is a third line extending in one 
direction only. On these lines the wells were driven about 24 feet 
apart, and to a depth of between 18 and 38 feet, the first 10 feet 
through layers of muck, sand and gravelly hardpan, thence through 
from 8 to 25 feet of clay which overlays a strata of fine gravel about 
3 feet in depth, from which the water is taken. Below this gravel 
is bedrock. 

The pump was started December 17, 1886. At that time there 
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were but few services laid, so there was very little work for the 
pump. The first year we got along very well, but the next, the 
number of services increasing and the water in the ground above 
the clay strata getting low, the joints in the cast-iron suction mains 
were prevented from being sealed by water, thereby allowing air to 
reach the lead joints. Then I began to be troubled with air, for as 
each piston moved towards the water end of the pump, the air that 
had been drawn in on the previous stroke would be compressed and 
the piston rod would be seen to jump from half an inch to an inch 
at nearly every stroke. This was very annoying, and I began to 
study means of prevention. 

As there were 1,900 feet of suction pipe laid from 18 inches to 7 
feet deep, and .64 wells that were not gated so that any one 
or more could be shut off independent of the others, or so that all 
could be closed to allow a pressure to be had on the mains to assist 
in locating any imperfect and leaky ‘joints, a difficult problem to 
solve seemed to be present. I think you will admit that the pros- 
pect of finding the leaks was not very encouraging. 

Previous to this time I was aided in finding a small leak in the 
10-inch line leading from the pump to the sand chamber, and 
covered but about 18 inches, by a man who was mowing the grass 
above it. He came to me and said that he heard a funny sound in 
the ground out in the meadow. ‘‘It sounds like a nest of bees,” 
he said, ‘‘a sort of whistling noise.’’ I instantly mistrusted the 
cause, and asked him to show me the spot. He led me to a place 
over the 10-inch line, where, inside of a circle of about 4 feet 
diameter, the grass was dry and dead while outside it was fresh and 
green, caused without doubt by the air being drawn down through 
the ground and absorbing or evaporating all the moisture. 

I set a man to digging, and he soon came to a joint in the pipe. 
I could very plainly hear the air rushing in and I thought a large 
leak had been discovered. He brought the calking tools, and as 
the joint was quite dirty, we washed the lead before calking. In 
doing so, some of the dirt was drawn into the joint wholly stopping 
the leak, thus showing how very small it must have been. The joint 
was thoroughly driven before covering. We then examined all the 
joints in the line without finding any others defective. We exam- 
“ined the ground over all the suction pipe, hoping to find more dry 
spots of grass, but found none. I could see that the trouble at the 
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pump was gradually increasing, and at the sand chamber where the 
water from the different lines came together, could be heard quite 
acommotion. My whole thought was how to remedy this trouble. 
I finally decided, that instead of going to quite an expense in dig- 
ging to all the joints and connections in the suction pipes, to inves- 
tigate, with the chances of success very uncertain, as it was quite 
probable that there might be one or more split couplings in the 
wells, I would try to overcome the difficulty by removing the air 
from the pipes before it reached the pump, thinking that in so doing 
success might be more certain. 

With permission from the directors to make my experiments, I 
had the Blake Manufacturing Co. make a small air pump, 34x4}x4, 
which was placed in the pump house. I cut in a 6 on 10 tee in the 
10-inch suction main about 75 feet from the pump house. This was 
placed looking up, and into it was leaded a piece of 6-inch pipe 
with a plug in the upper end and a 3-foot water glass on the side. 
From the top of this pipe was laid a 3-inch pipe to the air pump. I 
had calculated that the air in the water flowing along in the 10-inch 
pipe from the sand chamber to the pump would collect in small 
bubbles and rise to the top of the pipe, and by having a few inches 
more vacuum on the air pump the air would rise in the chamber 
and be taken away by the pump. The result was all that could be 
desired. The air was wholly removed, and the pump would run all 
day without a kick. 

This air pump answered the purpose for about three years, I 
think, but as the number of services was gradually increasing and 
more water being needed, its limit of capacity was reached. A 
larger air pump was then procured and connected to the air cham- 
ber with a larger pipe. This answered for a while, but the demand 
for water constantly increasing, a greater lift was shown by the 
gauge on the pump. Suddenly, one afternoon, the main pump 
_ started up at a speed of about 500 revolutions per minute, more or 
less, in place of twenty-five, the usual speed. It was evident that 
some one or more wells of the sixty-four had given out, but which 
one, ard how to find it? 

At the sand chamber are three gates dividing the wells into three 
sections. The next day I had the pump run at the usual speed 
until near the same amount of water had been pumped as on the 
day before, as indicated by the register, The engineer was then 
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asked to stand by the pump so as to be ready to shut down as soon 
as the air came. I went to the sand chamber and closed one of the 
gates, cutting off thirty wells, and then went back to the pump 
house to watch the gauge. As we were then pumping from thirty- 
four wells, I knew it would soon cause the same trouble as the day 
before or show more vacuum on the gauge. It was air as before, 
showing that the trouble was not on the line shut off. We tried the 
other lines on the following days, the last day being able to pump 
slowly from forty-three wells with more vacuum on the gauge than 
formerly. This satisfied me that the trouble was on the last line 
shut off. We then opened up all the wells on that line and measured 
the depth of each. I found eight wells that were less than 25 feet 
deep, one of them being less than twenty. I thought best to dis- 
connect these eight 25-foot wells, which we did, and then all went 


well. We kept at work and examined about all the wells in the 


system, but found none that I thought best to disconnect. 

Then for a year or more I got along without much trouble, but 
each year the demand for water increased and there was conse- 
quently more air to be taken care of, and soon two air pumps were 
unable to handle it, some slipping by the tee and so reaching the 
pump. As one air chamber had proved so effectual, I concluded to 
put ina second one. This one I put in the pump house so that it 
could be used in the winter, as I found that with all the ground 
where the wells are, flooded, as it always is in the winter, there was 
still some air that needed taking care of. I soon learned, after 
putting in the second air chamber, that a larger air pump would 
be required. Such a one was procured, one for business, a 10x8x12. 

There has been no trouble since in handling the air to a certain 
point. I feel quite sure that there is a split coupling on some one 
of the wells, as I found that we could pump all day by not exceed- 
ing 20 inches of vacuum. More than that soon causes trouble. 

I often thiniz how an unlimited supply of water from a river or 
pond would be appreciated, which most of you have. In most cases 
where there are driven wells there is a pond or river within a short 


distance, which can filter to the wells, but in my case,.there is no. 


sign of good water on the surface of the ground within a mile. I 
_live in hopes of securing an increased supply during this year. Last 
fall the ground was tested over quite an area, but within reach of 


the pump. Nineteen trial wells were driven, and we think that by ’ 


« 
a 
a 
i 
— 
if 
— 
i 
| 


NEW ENGLAND WATER WORKS ASSOCIATION. 193 


going about 1,500 feet in another direction we can get considerable 
more water. 

I would say that my way of separating air from water has been 
greatly improved upon by the use of what is called an ‘‘ Air Sepa- 
rator,’’ in the shape of a cylinder about 4 feet in diameter and 6 
feet high, with a partition in the middle. The separator is set on 
end near the pump, the top of the partition is on a level with the 
top of the water cylinder with about 2 feet of space between the top 
of the partition and the top of the separator, to which the air pipe 
is attached that connects with the air pump. The stction pipe 
leading from the wells is connected at the bottom of the separator 
on one side of the partition, and on the other side, at the bottom, is 
the connection with the pump. The air pump is intended to raise 
the water a few inches above the top of the partition, when it flows 
over in a thin sheet the width of the diameter of the separator, to 
the other side. The enlarged area of the separator allows time for 
the air to rise into the space above and be removed by the air pump 
and the water is drawn to the main pump. This can be seen in’ 
operation at Hyde Park, and at Eaton Meadows in the town of 
Malden. 

DISCUSSION. 


THE PRESIDENT. Mr. Forbes, you have a driven well system, 
and perhaps you will say something on this subject. 

Mr. ForsBes. We have no air on the Brookline system. All 
our wells are more than 35 feet, and I wouldn’t have a well unless 
I could have more than that depth. We have a mile and a half of 
suction mains, 24-inch, 20-inch, 16-inch, 12-inch and 10-inch, and 
about 165 wells. We have no air, no air pump, no sand chamber, 
and nothing of the kind. The whole system is air-tight. We pump 
at the rate of 5,000,000 gallons in 24 hours while we pump. 

Mr. Tower. I would like to ask Mr. Forbes how low the ground 
water is in the wells in a dry time? 

Mr. Forbes. It stands 2 or 3 feet below the bottom of the main 
after we have pumped a few hours, and during the night it gener- 
ally rises over the main. We have a check valve so the air can’t 
get into the suction; otherwise the probability is the whole main 
would fill full of air so we couldn’t start it. We have no air pump 
and no sand chamber, and the pipe runs right onto the pump. 
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Mr. Tower. In a dry time the water in our wells will be 18 
feet below the surface of the ground where the wells are driven, and 
21 feet below the pump cylinder, and that will be in the morning 
when we start the pump. 

THE PRESIDENT. Mr. Evans, will you say something on this 
subject ? 

- Mr. Evans. I have had no experience with driven wells, but I 
have seen some up in Lowell. When they started with a driven 
well system they had a great deal of difficulty. I have watched 
their enginés, and at the end of the stroke they would kick 2 or 3 
inches, so you would think the end of the pump cylinder was coming 
out. They had to putin a large air receiver and an air pump before 
they could control the air at all. I think their experience was the 
common one, and Mr. Forbes is certainly very fortunate not to have 


had that kind of trouble. 
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PLACING A 10-INCH HIGH SERVICE PIPE ACROSS A 
RIVER. 


‘BY FREDERICK W. GOW, SUPT., MEDFORD, MASS. 
[Read December 8, 1897.] 


In Medford, as ina number of our New England cities and towns, 
there are two systems of water supply. The low system, which is 
supplied by gravity, feeds the central and easterly side of the city, 
and the high service main passes through the center and feeds the 
northerly and westerly and southerly sides of the city. Part of the 
westerly side, being low, about as low as any part we have, is sup- 
plied from this main through a reducing valve. In passing from the 
westerly to the southerly side of the city we were obliged to cross the 
Mystic river. At the point of crossing it is 130 feet wide and is 
spanned by a wooden bridge supported by three stone piers. The 
roadway of the bridge is narrow, and as half of the bridge is in 
Somerville it was deemed unwise to go over the bridge. The river at 
this point being pretty well interspersed with a deep bed of mud and 
quite a collection of large boulders, it made going under the river 
rather difficult, so we simply did, what had been done a hundred 
times before, went across the river on the bridge piers. 

In doing this we built a staging under the bridge by boring through 
the planking ; boring a set of holes every 10 feet, about 7 feet apart, 
and putting through the holes inch rods or bolts about 8 feet long, 
and on the bottom ends of the rods putting pieces of 4x6 which were 
bored, slipping those over the ends of the rods and then putting on 

nuts and washers, thus making hangers to carry the staging. Then 
we put 2-inch planks across on those hangers, and then took down the 
stone work on the top of the piers in the line of the pipe, going low 
enough to get the pipe through. We leveled up the piers, and then 
placed between each set of piers a set of 15-inch steel channel 
irons, 36 feet long, about 24 feet apart, tied together every 6 feet 
with wrought-iron straps 2-inch x 4-inch. Those straps were bolted 
on either side of the lips of the channel irons. Resting on the lips 
of the channel irons on the bottom we put bed blocks of 3x10 pine 
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at each set of straps, and on top of these blocks set 4x6 pine blocks 
recessed to the curve of the pipe, for the pipe to sit on. Then we 
took the pipe through from either end, slid the pipe along on rolls 
on top of the channel irons to their respective places, let them down 
on the cradles, and put them together in the usual manner. After 
the pipe had been all put together and tested, a flooring was built 
under the pipe of two layers of inch beards laid one on top of the 
other to break joints, simply laid in crosswise on the lips of the 
channel irons, the 3-inch blocks under the cradles having been rab- 
beted out on either side so that the second layer of inch boards 
lapped over onto the 3-inch block, making practically a tight bottom. 

After the floor was put in we filled in the whole space around the 
pipe with charcoal dust packed in tightly, and then by laying 
stringers lengthwise bolted to the top of each channel iron, we made 
a roof over the whole structure, nailing § matched pine sheathing 


’ . crosswise, and covering it the same as the bottom, breaking the 


joints. This made a practically tight box, after which it was 
painted. 

Mr. Wurtney. I would like to ask Mr. Gow if he considered 
any other material for packing the pipe except charcoal ? 

Mr. Gow. We did not. In fact we were doubtful at first 
whether to pack it or not, for the main supplies quite a district, and 
we had very little fear of its freezing anyway on account of the 
circulation. 

Mr. Watney. How much thickness of packing have you on it! 

Mr. Gow. There is a space around the pipe of about 6 inches. 

Mr. Bates. I would like-to ask Mr. Gow if the box is con- 
tinuous? 

Mr. Gow. The channel irons come within 6 inches of each 
other, and on the sides we pieced out with boxing. It makes the 
box continuous. There are four sets of channel irons, and it makes 
one continuous box the whole length under the bridge. 

Mr. WALKER. Is there any expansion joint ? 

Mr. Gow. No, sir 

Mr. CoGGESHALL. Does the water ever rise in ae river to 
cover the pipe ? 

Mr. Gow. No, sir, it does not. Deaee i is a space of some 5 feet 
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Mr. KimBau. I would like to ask if that has been subjected to 
a winter’s freezing ? 

Mr. Gow. Yes, two winters’ freezing. 

Mr. KimpaLt. Why I ask is because of an experience of my 
own at Putnam, Conn. We had a 6-inch pipe boxed, crossing 
asmall stream, a span of not over 15 feet, and we filled the space 
with sawdust, (I presume the action would be about the same with 
charcoal) some water got in there, either through a leaky joint or in 
some other way, and it froze solid with the usual result. We took it 
out and replaced about three lengths of pipe. This is on a dead end, 
where there is very little service. We put the pipe back, built 
a double box dround it with an air space without any packing at all, 
and it has never bothered us since. So it would seem as though air 
was a better protection against frost than sawdust, and quite likely 
better than charcoal. 

Mr. TayLor. Speaking of packing pipe, I will say that at New 
Haven, Conn., there is, or at least there was a very few years ago, 
aline of 20-inch pipe, 800 feet long, that has no covering what- 
ever to it and it never freezes at all. But of course the circulation 
is constant and quite regular. At Newport, N. H., the 10-inch 
main passes across the river over a bridge. We boxed that, 
having a double box with an air space of about 2 inches without any 
packing. And my experience has been that where there is any 
probability of any water from leaks or anything of that kind, it is 
better not to use sawdust and to have the air space alone; because 
if there is any little leak it will probably work out, and unless there 
is considerable thickness of material I believe that air is better than 
sawdust or charcoal. 

Mr. WALKER. Weare speaking about protection, now, and there 
has been a good deal of talk in the last few years about protection. 
We have across the Merrimac river, in about the coldest place in the 
world, at least in this part of it, an 8-inch pipe without any protec- 
tion whatever. It hangs right up on the sidewalk of the bridge, and 
we let the water go through there in the winter time and shut it off 
from the river crossing, unless in case of a big fire. The pipe is 
under about 90 pounds pressure and it feeds about 8,000 inhabitants. 
The expansion joint in the middle, went just an inch and a half last 
winter. It is a wrought-iron pipe 600 feet long. 

Mr. HaskeLu. It is probably true that a pipe without any pro- 
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tection whatever would not be liable to freeze with the water 
running through it freely, and that explains why the action of the 
frost has been so different in different places. There would be no 
danger where there is a large amount of water running through a 
pipe, and there would be great danger where there was no water 
running through a pipe. In regard to the best material to use to 
protect a pipe, I-will say we have used almost everything we could 
think of, and I consider that an air space is about as valuable as any 
medium we can use, but ordinary concrete, such as they use for 
concreting sidewalks, is the best material that there is, and tan bark 
is the next best. 

Mr. WALKER. I would like to ask one question. Suppose you 
had two bridges and you were going across both bridges; say the 
two bridges were 1,000 feet apart and you had an 8-inch pipe going 
across both of them. Now, wouldn’t one of them freeze if you let 
them both run? 

Mr. Coox. I will say for Mr. Walker’s benefit, although this 
may not exactly meet his case, that we have in Woonsocket, 540 
feet of 20-inch pipe on a bridge, and about 1,000 feet up stream we 
have about 175 feet of 14-inch pipe. The 20-inch pipe is not boxed; 
the 14-inch is with a double box and air space. The first winter 
after the 20-inch was put across the 14-inch remained. open, and I 
had no trouble with frost. On neither bridge is there any expan- 
sion joint, but I have no trouble from the fact that the pipe is inde- 
pendent from the bridge. The bridge travels but the pipe does not. 
' The pipe is fitted on rollers. 

Mr. Hype. In Newton, where we have to cross the Boston & 
Albany subway in a good many cases over the bridges, we use small 
cuttings of leather to pack with. I got my cue from Mr. Morse, 
of Natick. He has used them for a number of years, and he tells 
me that in the coldest weather when they uncover a box it feels 
warm in the packing around the pipe. No doubt this is caused by 
the oil in the leather which, perhaps, creates heat, and keeps the 

pipe from freezing. Now, at night the circulation across these 
bridges is very small, and some of our pipes are as small as 6-inch. 
This will be our first winter’s experience, but I think there is no 

_ doubt the packing will work all right, although we haven’t as much 

space around the pipes as Mr. Gow speaks of. 

Mr. Hammatr. Speaking of packing around pipes over bridges, 
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if I remember rightly, at the time the Lewiston, Me., works were 
put in in 1878 or 1879, they had two or three canal crossings. 
The pipes were carried across on independent bridges, made on 
purpose to support the pipes. As I recollect it they were first put in a 
wooden box which was filled with tan bark, and the first winter one 
or more of those lines caused considerable trouble, and one of the 
bridges gave way. When they came to investigate the matter they 
found that there had been some leakage, probably from a joint, the 
pipe was laid the usual depth through the street, and came up with 
a quarter turn, and made another quarter turn to go across the 
bridge. In making those sharp turns there probably was some 
motion in the joints which caused leaks. The box filled with water 
and froze solid, and it made so much weight that the bridge gave 
way. If I recall the matter rightly I was told that the next year 
they abandoned the packing and used simply an air space, and have 
had no trouble since. At Gardiner I know we had a crossing over 
the stream, and we used simply an air space there, although there 
may have been some tan bark used; Mr. Maxey can tell about 
that. 

Mr. Maxey. We used tan bark and it froze and burst, and then 
we used simply an air space. 

Mr. Cook. We all know that pipes filled with water on certain 
days in the spring and fall will sweat, you have undoubtedly all seen 
that, and I don’t know of any material that ean be used to pack 
around the pipes but what will absorb that moisture. 

Mr. FuLLER. We had trouble when the Wellesley works were 
first built. We filled the box with tan bark, and the first winter the 
pipes froze up and burst. I have no doubt as to the force of Mr. 
Cook’s suggestion, that even if the pipes do not leak there is more 
or less condensation, and the tan bark or any other material that is 
put around the pipes will become moist and freeze. I think in 
regard to pipes that are exposed it will make a great difference 
what the supply is, whether it is a ground water supply, where 
the temperature of the water would be nearly uniform the year 
round, or whether it is a surface water supply where there is a good 
deal of difference in the temperature. 

Mr. Hastings. In Cambridge we have had a little experience 
with packing pipes. We have a place there where two pipes cross 
the railroad, a 6-inch and an 8-inch. Both those pipes were packed 
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with wool waste. That was some six or eight years ago, and we 
have never had any trouble since. There is very little consumption 
in the night, and very slow circulation of the water. I think the 
wool waste works perfectly. This fall the bridge was taken down 
and I found the wool waste was intact, it didn’t seem to have cor- 
roded at all. The idea had been that the wool waste would set up 
a species of spontaneous combustion and would thus keep the pipe 
warm, but I do not think that had taken place, as the wool waste 
seemed to be sound and good. But it served the purpose of an 
excellent packing for a rather small pipe. 

Mr. Corton. I have used lampblack and air space and hair felt 
to cover pipes with, and as they have all worked well I really don’t 
know which is the best. -For the last four or five years I have been 
using hair felt and an air space in single boxes, one or two thick- 
nesses, according to circumstances, about three-quarters of an inch 
of the hair felt wrapped around the pipe and wired or fastened on 
with cords. It is very convenient to put on, very cheap, and I have 
never had any pipe freeze, although I have had some in places where 
there was a very small consumption. I think, although it is probable 
some moisture collects in it, it evaporates more or less. At any 
rate I still continue to use it and it has thus far served a very good 
purpose. 

Mr. Maxey. Down in the town of Caribou, Maine, where the 
thermometer goes to 40 degrees below zero, they have a system 
of water works where they have a pipe crossing the river, I think it 
is only a 6-inch pipe. The river is 140 feet wide and the consump- 
tion on the further side is not very great. They had it at first boxed 
in the ordinary way and filled with tan bark, and it froze up solid. 
Then they practically built a small house across the river and put a 
stove in it, and were actually obliged to run the stove all the time. 
(Laughter. ) 

Mr. GILBERT. I have never had any experience in laying large 
pipes across rivers, but I had four hydrants which were set for fire 
purposes near a large factory, and it was very low ground, where 
the water came clear to the top of the ground all the time. The 
water of course would work through the drip of those hydrants and 
_ fill them up and remain so, and we found that the first winter after 

they were put in they froze up solid, and they kept frozen nearly all 
winter in spite of all we could do, The next season we plugged up 
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the drips in the hydrants, but the water got in there in some way 
and they froze up again. The nextseason we built some little houses 
of matched boards over each one of them, and we have had no fur- 
ther trouble with them at all. You can open the doors of those 
houses any time, and in the coldest weather in the winter the ground 
will hardly be frozen around the hydrants. You can use them with 
perfect safety in the coldest weather in the winter. We have some 
nine or ten private hydrants in the town around the factories, and 
the same kind of little houses have been built over them, and I have 
found just the same result when I have examined them, that the 
dirt is hardly frozen around the hydrant even in the very coldest 
weather. 

Now, one thing more. I had a service pipe which was put 
in along a bank, the bank was some 6 or 7 feet high, and this ser- 
vice pipe was put in there 6 feet from the outside of the bank and 
about 44 feet deep. It was put in quite late in the fall, and just as 
soon as the coldest weather came on I had a notification from the 
gentleman owning the premises that he couldn’t get any water. 1 
examined it and found it was frozen up. We dug the pipe up, 
thawed it out and lowered it nearly a foot and filled it in again. 
But it was only a few days before it froze up solid again and re- 
mained so all winter. I hardly knew what te make of it. After 
talking with some gentlemen who had had a similar experience, I 
began to think it was on account of its being so near the side of that 
bank. Well, the next fall I dug that service up, and put a 2-inch 
pipe over it the whole length, and I have never had any trouble with 
it since. 

Now I suppose all of you have had some experience in putting in 
services sometimes where there is no cellar under the building, and 
we all know it is a very difficult matter in cold places to keep them 
from freezing. Iam always particular in such a place to put the 
pipe through a larger pipe, and I have hardly ever had any trouble 
from one of those services since we commenced doing it in that way. 

‘Mr. Stacey. I remember some time ago we had a discussion on 
the protection of water pipes by various substances, when our vener- 
able friend and brother, Mr. Jones used to meet with us, and his 
Opinion was asked as to the best substance to cover a pipe with to 
keep it from freezing. He mentioned a number of things he had 
used, but finally said that according to his experience there were 
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. only two ways to keep pipes from freezing when exposed to the frost, 
and those were either to let the water run, or to keep the water out 
of the pipe. Well, perhaps that was a pretty broad statement, but 
the covering I think depends somewhat upon the condition and the 
locality i in which the ‘pipe is situated. If there is a circulation, it 
is natural to suppose that the water in passing through the pipe is 
not exposed to the cold long enough to be reduced to the temperature 
of freezing; that is, it comes at above freezing from the ground to 
the point where it enters the pipe crossing and is exposed, and before 
it has a chance to cool to the freezing point it as passed on its way 
below the frost again. 

Now it seems to me that any fibrous packing that can be put 
around the pipe, where there is moisture, does not give it much 
protection. If a pipe lies on a ledge, even if it is below the frost 
line, the frost will follow the rock down to a considerably greater 
depth under certain circumstances than it would if the pipe was laid 
in the earth. So it looks to me that if you are going to covera 
pipe with anything at all you want something that is impervious to 
water, if you can get it. 

I have a standpipe set up on a trestle, with a 12-inch pipe lead- 
ing up to it, 60 feet high. It stands in about as exposed a place as 
ean be found in this section of the country. We protected that pipe 
by putting sheathing around it, we put a 6-inch air space between 
that and the pipe, being careful to keep the sheathing away from 
the pipe so that any moisture on the pipe would run down to the 
bottom without communicating with the sheathing in any way. 
Outside of that first sheathing was put an inch of hair felt, held on 
with brass bands. Then there was a 4-inch air space outside of 
that, and another sheathing of matched boards, narrow strips. We 
keep the water in circulation; this is used for fire purposes only, 
and of course in the winter it would remain practically stationary, 
and the water would freeze over on the top quite solid and tight; 
to prevent that we keep enough circulation in the pipe to keep the 
ice moving. We have used this for two years and haven’t had any 
trouble with it and I don’t expect to have any. 

I have had some experience with pipes in wet places. Oe one side 
of Main street I have a service pipe entering a house, not over 12 
~ inches below the sidewalk, on a ledge. I couldn’t sink it any lower 
without blowing the house up, and if I blew the house up they 
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wouldn’t want the service pipe, so I had to put it in as I did. I 
packed that solid with tar concrete. I have two other services 
covered with concrete which have been in eight or nine years, going 
up a bank where there was a ledge with 2 feet of covering. When 
the concrete is made, I am particular to have it made pretty rich 
with tar having considerable pitch with it so it will soon set and 
stay in place; and then I want it thoroughly rammed and compacted 
to exclude any moisture from getting into it. In a wet trench 
_ you have got to be pretty careful not to get any water mixed up 
with the concrete in putting it in. 

Iam going to try the experiment on a 16-inch pipe which I have to 
lower in a kind of siphon to cross under a subway. We are going 
to lower the pipe and I propose to lay it in concrete. The only 
thing I shall have to contend with will be the amount of water, but 
Iam satisfied I can protect it if I can keep the water out until I get 
the concrete in. 

In regard to the protecting of hydrants, the gentleman says he 
has some where the water comes up near the surface. I have two or 
three where the water will run out of the nozzle from the drip, and 
building a house over them wouldn’t do any good, I have about a 
dozen hydrants where the drips are plugged, and I would say frankly 
I wouldn’t give a continental for a drip on any hydrant in the winter. 
I pump everyone. We plug the drip, find the hydrant is tight and 
pump it out, and then we haven’t anything to think of, unless some- 
body bothers with the gate after we once find it tight. I think from 
what experience I have had that concrete properly mixed and prop- 
erly compacted around the pipe, and protected on the ends so that 
the moisture or water can’t get in and work down around the pipe, 
(and I think that is a very important thing, ) is the best material I 
know of to protect a pipe, and it will last forever almost. But no 
matter how well the pipe is protected, if it freezes on the end it will 
freeze right down through the pipe. I have had a pipe freeze in the 
cellar and out to within two feet of the main, some 20 feet. When 
we dug down beyond the cellar wall, to be sure we were right about 
the matter, we didn’t find any frost back of the cellar wall for 2 
feet, but we had to thaw it out to within two or three feet of the 
main before we struck water. So no matter how well we cover a 
pipe, if it is exposed at the ends to the frost it will freeze down 
through the covering. That has been my experience. 
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PROCEEDINGS. 


QUARTERLY MEETING. 


Youne’s HOTEL, 
Boston, December 8, 1897, 


President Kent was in the chair, and the following members were 
present : 


ACTIVE MEMBERS. 

Everett L. Abbott, Charles H. Baldwin, Lewis M. Bancroft, Frank A. Bar- 
bour, R. 8. Bartlett, George E. Batchelder, Oren B. Bates, Joseph E. Beals, 
James F. Bigelow, George Bowers, John T. Cavanagh, George F. Chace, E. J. 
Chadbourne, Charles E. Chandler, G. L. Chapin, Freeman C. Coffin, R. C. P- 
Coggeshall, Byron I. Cook, Henry A. Cook, John W. Ellis, J. H. Fairbanks, B. 
R. Felton, F. F. Forbes, Frank L. Fuller, Julius C. Gilbert, T. C. Gleason, Al- 
bert S. Glover, W. J. Goldthwait, J. A. Gould, Frederick W. Gow, E. H. Gow- 
ing, Richard A. Hale, E. A. W. Hammatt, John C. Haskell, L. M. Hastings, V. 
C, Hastings, Horace G. Holden, H. N. Hyde, Willard Kent, Patrick Kieran, 
Frank C. Kimball, James W. Locke, C. M. Lunt, J. S. Maxey, Frank E. Merrill, 
Leonard Metcalf, James W. Morse, Thomas Naylor, Frank L. Northrop, John 
H. Perkins, W. H. Richards, W. W. Robertson, William Ryle, A. H. Salisbury, 
J. W. Smith, George A. Stacy, Edwin A. Taylor, L. A. Taylor, Robert J. Thomas, 
Wm. H. Thomas, D. N. Tower, W. H. Vaughan, Charles K. Walker, J. Alfred 
Welch, John C. Whitney. 

ASSOCIATE MEMBERS. 
“ M. J. Drummond, by Wm. V. Briggs. 

Deane Steam Pump Company, by F. H. Hayes. 

Hersey Manufacturing Company, by J. A. Tilden. 

Ludlow Valve Manufacturing Company, by H. F. Gould. 

Jenks, Henry F., Pawtucket, R. IL. 

Lead Lined Pipe Company, by T. E. Dwyer. 

Neptune Meter Company, by H. H. Kinsey. 
\4 3 Perrin, Seamans & Company, by H. L. Bond. 
Rensselaer Manufacturing Company, by Fred S. Bates. 
Robertson, R. A., Providence, R. I. 
Smith, Anthony P., Newark, N. J., by Mr. Van Winkle. 
Smith, Benjamin C., New York City, N. Y., by F. A. Smith. 
Smith, B. F. & Bro., by B. F. Smith and James Martin. 
Sumner & Goodwin Co., by F. D. Sumner. 
Union Water Meter Company, by J. P. K. Otis and Mr. Northrop. 
Wood, R. D. & Co., by Jesse Garrett. 
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GUESTS. 


William W. Wade, Woburn, Mass.; Mr. Doyle, Wakefield, Mass.; J. F. Mon- 
eban, Lowell, Mass.; H. L. Thomas, Hingham, Mass.; and J. W. Milne, Fall 
River, Mass. 


The Secretary read the names of the following list of applications 
for membership : 


RESIDENT ACTIVE. 


William W. Wade, Water Registrar, Woburn, Mass. 

Francis E, Appleton, Paymaster of Locks and Canals Company, Lowell, 
Mass. 

Frederick S. Hollis, Biologist, Boston Water Works. 


NONRESIDENT ACTIVE. 


Edward Phillips, Chief Engineer, Hydraulic Construction Company, New 
York. 

John Caulfield, Secretary Water Company, St. Paul, Minn. 

C. 0. Probst, Secretary State Board of Health, Columbus, Ohio. 

Francis C. Green, Engineer, New York. 


On motion of Mr. Fuller, the Secretary was instructed to cast the 
ballot of the Association for the candidates, and they were declared 
elected members of this Association. 


Lucian A. Taylor read a paper entitled, ‘‘ Construction of the 
Water Works, at Newport, N. H.’”’ Messrs. Haskell, Fuller, 
Holden, Walker, Cook, Coffin and Metcalf took part in the dis- 
cussion. 

Frederick W. Gow, Superintendent, Medford, Mass., described 
the placing of a 10-inch high service main across the Mystic River. 
The discussion which followed was participated in by Mr. Bates, 
Mr. Kimball, Mr. L. A. Taylor, Mr. Walker, Mr. Haskell, Mr. 
Hyde, Mr. Hammatt, Mr. Cook, Mr. Fuller, Mr. Hastings, Mr. 
Cotton, Mr. Maxey, Mr. Gilbert and Mr. Stacey. 


Mr. E. A. W. Hammatt, of Boston, read a paper on ‘‘ Back Fill- 
ing Trenches.’’ The subject was discussed by Messrs. Hyde, Has- 
kell, Winslow, Gilbert, Fuller, Fairbanks and Taylor. 


Adjourned. 
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ADJOURNED MEETING. 


Youne’s HOTEL, 
Boston, Jan. 12, 1898. 


President Kent in the chair. 
The following members and guests were present: 


ACTIVE MEMBERS. 


Solon M. Allis, Francis E. Appleton, Charles H. Baldwin, Lewis M. Bancroft, 
George E. Batchelder, Oren B. Bates, Joseph E. Beals, James F. Bigelow, John 
T. Cavanagh, George F. Chace, Charles E. Chandler, G. L. Chapin, Harry W. 
Clark, William F. Codd, Freeman C. Coffin, H. W. Conant, Byron I. Cook, 
Henry A. Cook, Eben R. Dyer, Charles H. Eglee, George E. Evans, J. H. Fair- 
banks, F. F. Forbes, Frank L. Fuller, D. H. Gilderson, Albert S. Glover, W. J. 
Goldthwait, Frederick W. Gow, E. H. Gowing, Francis C. Green, Frank E. Hall, 
—~ E. A. W. Hammatt, John C. Haskell, L. M. Hastings, V. C. Hastings, William 

' E. Hawks, T. G. Hazard, Jr., James H. Higgins, Frank W. Hodgdon, Horace 
G. Holden, Willard Kent, George A. Kimball, Wilbur F, Learned, James W. 
Locke, Thomas Naylor, Edward Phillips, C. A. Probst, W. H. Richards, George 
J. Ries, Henry W. Rogers, George A. Stacy, F. A. Snow, Edwin A. Taylor, L. 
A. Taylor, William H. Thomas, D. N. Tower, Charles K. Walker, William W. 
Wade, John C. Whitney, George E. Winslow, 


ASSOCIATE MEMBERS. 


Chapman Valve Manufacturing Company, by E. L. Ross. 
Coffin Valve Company, by Mr. Weston. 

Deane Steam Pump Company, by F. H. Hayes and C. P. Deane. 
Drummond, M.J., New York City, N. Y., by Wm. V. Briggs. 
Garlock Packing Company, by Mr. Perkins. 

Hersey Manufacturing Company, by Albert S. Glover. 

Jenks, Henry F., Pawtucket, R. I. 

National Meter Company, by Mr. Lufkin. 

Neptune Meter Company, by H. H. Kin : 

Perrin, Seamans & Company, by H. L. Bond. © 

Builders’ Iron Foundry, Providence, R. I., by T. C. Clifford. 
Ross Valve Company, by E. L. Ross and S. R. Stanley. 

Smith Benjamin C., New York City, N. Y. 

Sumner & Goodwin Company, by F. D. Sumner. 

Thomson Meter Company, by 8. D. Higley. 

Union Water Meter Company, by J. P. K. Otis. 

Wood, R. D, & Company, by Jesse Garrett. 
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GUESTS. 


W. E. Hassam,. C. E., Worcester, Mass.; A. A. Blossom, Salem, Mass.; J. F. . 
Gleason, Quincy, Mass.; John Gardner, Taunton, Mass,; H. Phipps, Boston, 
Mas;.; J. Taylor, Weymouth, Mass.; H. L. Thomes, Lowell, Mass., and J. S. 
Beal, Lowell, Mass. 


Henry L. Davis, Superintendent of Water Works, Wallingford, 
Conn., was elected a resident active member, and George A. Soper, 
Civil Engineer, now connected with the Western Division of the 
Boston Water Works, was elected a nonresident active member. 


On motion of Mr. Fuller the thanks of the Association were ex- 
tended to Mr. Forbes for his courtesies extended to the members of 
the Association on their visit to the new Brookline public bath. 


Mr. W. E. Hassam read a paper giving a description of the 
Worcester distributing reservoir. 

Mr. E. H. Gowing read a paper entitled ‘‘ Back Filling Trenches 
from Another Standpoint.’’ The paper was discussed by Messrs. 
Fuller, Beals, Hammatt, Chace, L. Taylor, E. A. Taylor, Haskell, 
Richards, Hazard, Eglee and Evans. 

Mr. D. N. Tower, Superintendent of the Cohasset Works, read a 
paper on ‘‘ Handling Air in a Tube Well Pumping Plant.’’ 


Adjourned. 
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